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ABSTRACT 

N<La  rge  -scale  ocean  slopes  have  continental-slope  diDensions  (e.g., 
slope  inclinations  exceeding  1*.  for  relief  of  2000  m).  Approximately 
40%  are  related  to  continental  margins,  40%  to  features  with  oceanic 
crust,  and  20%  to  unknown  origins  or  overlap  with  the  first  two  groups. 
Of  the  slopes,  75%  are  laterally  continuous  (lateral  slopes),  and  the 
remaining  25%  form  the  sides  of  conical-shaped  features. 

Groupings  and  ranges  have  been  established  for  the  following  lat¬ 
eral  slope  parameters:  ocean  section,  top  boundary  province,  bottom 

boundary  province,  relief,  slope  angle,  surface-sediment  grain  size, 
plate-tectonic  association,  shape,  outcrop  type  in  the  upper  200  m, 
percent  of  slope  with  outcrop,  sediment  thickness,  and  basement  type. 
Mapping  and  computer  adaption  of  parameter  compilations  reveal  global 
data  distributions,  global  averages,  parameter  relationships,  and 
applied  classification  methods.  Global  averages  are  3.8*  for  slope 
angle,  3035  m  for  relief,  and  38%  for  percent  of  slope  with  outcrop. 
Strongest  relationships  occur  among  top  boundary  province,  bottom 
boundary  province,  plate-tecton:>c  association,  and  surface-sediment 
type. 

Preferred  clustering  of  parameter  relationships  reveal  four  model 
groups  for  lateral  slopes.  Group  I  centers  around  strong  association  of 
broad  shelves,  rises,  and  divergent  plate-tectonic  association.  Group 
II  Includes  high-relief  slopes  associated  with  subduction  and  high-angle 
slopes  associated  with  translation.  Group  III  contains  the  slopes  of 
oceanic  features  and  carbonate  surface  sediments.  Group  IV,  the 
smallest  group,  includes  outer  trench  walls. 
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INTRODUCTION 

Objectives 

The  motivation  for  this  thesis  Is  the  absence  of  a  comprehensive 
evaluation  of  the  shallow  geology  of  large-scale  ocean  slopes.  The 
objective  is  to  define  the  ranges,  groupings  and  relationships  of  data 
which  describe  morphology,  sedimentation  and  shallow  geological  struc¬ 
ture  assoclaced  with  all  ocean  slopes  having  continental- slope  dimen¬ 
sions.  This  objective  is  achieved  as  follows: 

1.  Geometric  criteria  are  defined. 

2.  Geographic  slope  areas  are  mapped. 

3.  Data  are  identified  and  evaluated  to  define  groupings  and 
ranges. 

4.  Selected  data  are  shown  on  maps  and  graphs. 

5.  Interpretations  and  conclusions  are  formulated  from  the 
compilations. 


Background  Studies 

Large-scale  ocean  slopes  include  the  vast  majority  of  continental 
slopes,  the  slopes  of  many  intra-oceanic  features  (often  of  unknown 
origin),  most  slopes  associated  with  island  arcs,  ocean  volcanoes,  and  a 
small  proportion  of  the  total  extent  of  fracture  zones  and  ridge-crest 
features.  Although  no  available  studies  characterize  the  geology  for 
the  total  range  of  slopes,  various  studies  explore  specific  aspects. 


The  most  comprehensive  studies  deal  with  continental  slopes  (e.g., 
Dietz,  1964;  Emery,  1950,  1968,  1977,  1979;  Lewis,  1974;  Bouma,  1979; 
Dickinson  and  Seely,  1979).  These  studies  relate  continental  slopes  to 
continental  margins  and  stress  the  interplay  of  shelf,  slope,  and  rise 
in  the  evolutionary  development  of  the  margin.  Such  an  approach  gives 
an  overview  of  possible  continental  slope  environments. 

Descriptive  elements  of  slopes  were  revealed  in  previous  studies. 
Dietz  (1964)  stressed  the  association  of  slopes  to  the  original  tectonic 
formation  of  a  continental  margin,  to  the  sedimentary  strata,  and  to 
recent  modification  by  erosion  and  deposition.  Lewis  (1974)  implied 
that  slope  shapes  tend  to  be  prograded  when  associated  with  large  sedi¬ 
ment  input  and/or  narrow  shelves.  Emery  (1979)  presented  a  comprehen¬ 
sive  worldwide  classification  of  continental  margins  based  on  an  exten¬ 
sive  review  of  seismic  profiles.  It  can  be  inferred  from  his  study  that 
continental  slopes  are  associated  with  tectonic  origin  of  the  margin, 
tectonic  and  sedimentary  dams,  the  intensity  of  recent  sedimentation, 
the  influence  of  recent  sedimentary  processes,  and  the  morphological 
provinces  which  border  the  upper  and  lower  boundaries  of  the  slopes. 

Dickinson  and  Seely  (1979)  presented  evolutionary  models  for 
geological  features  associated  with  subduction  zones.  These  features 
consist  of  fore-arc  regions,  outer  trench  slopes,  back-arc  slopes  and 
remnant  arcs.  They  are  associated  with  some  of  the  most  extreme  slopes 
in  the  oceans.  The  term  "continental  slope"  was  found  to  be  ambiguous 
in  classifying  these  large-scale  ocean  slopes,  because  associated  mar¬ 
gins  may  or  may  not  consist  of  true  continental  crust. 

In  their  evolutionary  models  for  intra-oceanic  features,  Carlson 
and  others  (1980)  pointed  out  additional  ambiguities  in  the  definition 
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of  continental  slopes.  Crusts  of  intra-oceanlc  features  are  continent¬ 
al,  oceanic,  or  unknown,  and  large-scale  slopes  often  occupy  the  flanks 
of  these  features.  It  Is  difficult  to  classify  these  slopes  as  conti¬ 
nental  slopes  because  Intra-oceanlc  features  are  anomalously  small  as 
compared  to  continents,  their  tops  generally  have  little  or  no  exposed 
land,  and  their  crust  may  not  be  continental. 

Conical  ocean  features  Include  seamounts,  ocean  islands,  guyots  and 
atolls.  Seamounts  are  submerged  volcanoes;  ocean  islands  are  volcanoes 
exposed  above  sea  level;  guyots  are  volcanoes  once  exposed  and  eroded  to 
the  wave-base  and  later  submerged;  and  atolls  are  volcanoes  with  reef 
caps  (Menard  and  Ladd,  1963).  This  established  grouping  is  somewhat 
Irrelevant  in  classifying  slopes  because  its  basis  concerns  the  nature 
of  the  top  of  the  feature.  Nevertheless,  some  generalizations  can  be 
made.  The  shallow  structure  of  the  slopes  is  dominated  by  the  presence 
of  basaltic  basement  because  slopes  are  the  sideB  of  volcanoes.  Guyots 
tend  to  have  more  abrupt  boundaries  between  the  upper  slopes  and  top 
provinces  than  do  seamounts.  Islands  may  contribute  terrigenous  sedi¬ 
ments  to  the  slopes;  however,  the  amount  is  usually  small.  The  carbonate 
cap  on  atolls  ranges  from  tens  of  meters  up  to  1400  meters  for  Eniwetok 
(Menard,  1964),  and  the  slope  angle  for  the  cap  is  usually  very  steep. 
Also,  reef  carbonates  are  a  source  of  slope  sediment. 

Other  slopes  underlain  by  oceanic  crust  are  fracture  zones,  high 
relief  ridge  crest  features,  and  certain  carbonate  banks.  These  slopes 
are  not  numerous  and  generally  overlap  with  slopes  of  conical  features. 

It  is  apparent  that  slopes  evolve  from  diverse  origins  and  that 
evolutionary  classifications  are  too  generalized  to  produce  complete 
descriptions.  However,  insight  may  be  gained  by  use  of  descriptive 


associations  of  slopes  to  plate-tectonic  origin,  sedimentary  history  and 
structural  development.  Consequently,  it  is  important  to  extract  analy¬ 
tic  elements  of  studies  so  as  to  characterize  slope  regions. 

Definition  of  Shallow  Geology  on  Slopes 

The  shallow  geology  of  slopes  includes  aspects  of  morphology, 
sedimentation  and  tectonics  associated  with  the  upper  500  m  of  slope 
materials  beneath  the  slope  surface.  It  is  extemely  complex  because  of 
the  vast  range  of  geological  envli onments ,  processes,  and  ages  of  rocks 
and  sediments.  The  types  of  available  geological  data  are  voluminous, 
and  selectivity  is  necessary  to  make  realistic  compilations.  For  this 
reason,  shallow  geology  in  this  study  is  biased  to  best  represent  a 

primary  motive,  the  characterization  of  slopes  according  to  their 
acoustic  response.  The  following  list  outlines  some  guidelines: 

1.  The  primary  concern  is  to  define  morphology  and  material  from 

the  sediment-water  interface  to  a  depth  of  200  m.  Less  emphasis  is 

placed  upon  deeper  material. 

2.  Definition  of  slope  materials  should  correlate  with  acoustic 
velocity  data. 

3.  Data  parameters  must  be  adaptable  to  generalization  for  the 
entire  water-depth  range  of  the  slope  and  for  a  lateral  slope  length  of 
about  100  km. 

A  wide  range  of  geological  phenomena  were  explored.  Data 

concerning  average  slope  angle,  total  relief,  slope  shapes,  border 
provinces,  surface -sediment  type,  grain  size  and  sedimentary  processes 
were  compiled  to  define  the  acoustic  interaction  with  the  sediment-water 
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Interface.  Sedimentary  rocks,  crystalline  basement,  and  other  high 
velocity  materials  were  identified  as  to  their  depth,  frequency  and  rock 
type.  Certain  sedimentary  units  such  as  dlaplrs  or  deformed  sedimentary 
rocks  are  identified  and  can  be  used  to  imply  tectonic  association. 
Finally,  plate-tectonic  associations  are  identified  to  infer  tectonic 
influences  on  shallow  slope  materials.  In  other  words,  the  shallow 
geology  presents  a  very  generalized  picture  of  the  physical  elements  of 
the  slope  environment  and  disregards  much  of  the  stratigraphy  and 
structural  geology  except  where  related  to  outstanding  acoustic 
response.  This  approach  works  well  for  characterizing  the  worldwide 
extent  of  slopes  because  the  necessary  descriptive  data  are  obtainable. 

Selection  of  Large-Scale  Ocean  Slopes 

Designation  of  slope  areas  is  based  upon  geometric  criteria  of 
average  slope  angle  and  relief.  A  large-scale  ocean  slope  is  defined  as 
an  ocean  bottom  which  has  an  average  slope  of  at  least  1°  for  a  minimum 
relief  of  2000  m  (Figure  1).  Slope  areas  were  mapped  from  unpublished 
U.S.  Naval  Oceanographic  Office  (NAVQCEANO)  bathymetry  maps  of  a  6cale 
of  1"*1°  longitude  (see  Map  I  for  slope  locations).  As  a  first  step, 
contour  spacings  were  examined  to  find  steep  areas  exceeding  2000  m. 
For  areas  with  acceptable  relief,  average  slopes  were  measured  for  their 
steepest  2000  m  relief  range.  If  average  slopes  were  found  to  exceed  1° 
inclination,  the  area  was  designated  as  a  large-scale  ocean  slope. 
Finally,  all  sloping  areas  up-Blope  and  down-slope  to  the  2000  m  range 
were  measured  to  include  all  sections  which  met  the  slope  criteria. 
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FIGURE  1.  Geometric  classification  of  large-scale  ocean  slopes.  Slopes 
that  have  average  Inclination  of  greater  than  1*  for  2000  m 
relief  were  designated  study  areas.  Lateral  and  conical 
slopes  were  defined  on  the  basis  of  the  site  of  the  top-of- 
slope  province. 
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Map  I  depicts  the  geographic  distribution  of  large-scale  ocean 
slopes  which  meet  the  slope  criteria.  The  map  establishes  a  geographic 
base  on  which  to  compile  geological  data. 

Lateral  and  Conical  Slopes 

Visual  Inspection  of  the  distribution  of  slopes  (Map  I)  reveals  an 
obvious  discontinuity  in  their  occurrence.  Intra-oceanic  areas  contain 
significant  quantities  of  seamounts,  islands,  guyots,  and  atolls. 
Because  these  features  are  approximately  cone-shaped,  slopes  which  form 
their  sides  are  designated  conical  slopes.  On  the  other  hand,  most 
continental  slopes  and  slopes  associated  with  oceanic  plateaus  and 
ridges  extend  laterally  for  great  distances.  These  slopes  are  called 
lateral  slopes.  As  defined  for  this  study,  conical  slopes  have  a 
largest  top-of-slope  dimension  of  less  than  100  km,  and  tops  of  lateral 
slopes  have  larger  dimensions  (Figure  1).  The  division  of  conical  and 
lateral  slopes  is  necessary  for  the  following  reasons: 

1.  As  determined  by  lateral  continuity,  the  geometries  of  conical 
and  lateral  slopes  are  different.  An  analogy  is  comparison  of  a 
mountain  to  a  ridge. 

2.  The  geometric  division  between  lateral  and  conical  slopes 
involves  little  overlap. 

3.  The  geology  of  conical  slopes  (mostly  volcanoes)  is  quite 
different  than  that  of  lateral  slopes  (mostly  continental  margins). 

4.  Geologic  and  bathymetric  data  concerning  conical  slopes  are 
much  sparser  than  for  lateral  slopes. 


5.  No  reasonable  method  could  be  devised  to  include  conical  slopes 
in  a  data  base  with  lateral  slopes. 

The  distances  along  slopes  were  measured  to  derive  the  quantity  of 
both  conical  and  lateral  slopes.  Distances  along  lateral  slopes  were 
measured  parallel  to  the  intermediate  depth  contour  of  the  slope. 
Measurement  of  conical  slopes  was  more  complicated.  Conical  features 
were  assumed  to  resemble  true  cones.  Bracey  (1981)  measured  randomly 
selected  basal  sections  of  North  Atlantic  and  North  Pacific  seamounts. 
From  his  data,  the  average  radius  of  a  basal  section  was  calculated  for 
a  world  average  seamount.  By  using  one-half  this  basal  radius  the 
author  calculated  a  circumference  for  a  cone  halfway  between  the  apex 
and  the  base.  This  average  circumference  was  multiplied  by  the  number 
of  conical  features  found  in  each  ocean  section  (Table  I,  part  a).  The 
resulting  conical  distances  for  each  ocean  section  can  be  compared  to 
the  lateral  slope  distances. 

Table  I  shows  the  equivalent  distances  of  lateral  and  conical 
slopes  for  the  total  world  oceans  and  by  ocean  sections  (see  Figure  2 
for  outlines  of  ocean  sections).  Lateral  slopes  generally  outnumber 
conical  slopes  by  3  to  1.  Whereas  the  North  Pacific  has  the  highest 
percentage  of  conical  and  combined  slopes,  the  Indian  Ocean  has  the 
highest  percentage  of  lateral  slopes  and  second  highest  of  combined 
types.  The  South  Pacific  has  the  third  highest  percentage  for  each  of 
conical,  lateral,  and  combined  slopes.  The  remainder  of  the  ocean 
sections  collectively  have  less  than  half  the  percentage  for  any  slope 


table  t.  equivalent  distances  of  lateral  and  conical  slopes 
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FIGURE  2. 


Boundaries  of  ocean  sections  (see  Paraneter  I,  Table  11). 
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COMPILATIONS  OF  LATERAL  SLOPES 


For  this  study,  a  compilation  consists  of  a  collective  geologic 
topic  which  characterizes  all  lateral  slopes  by  various  groupings  which 
best  exhibit  the  topic’s  variation.  A  compilation  Involves  formulation 
of  a  collective  topic,  grouping  of  the  topic,  and  finally  assigning  the 
grouping  scheme  to  the  geographic  extent  of  lateral  slopes.  Several 
compilations  were  completed  in  this  section,  and  their  products  are 
world  maps  which  depict  various  data  groupings  for  geologic  topics* 
These  are  average  slope,  surface-sediment  type,  and  plate-tectonic 
associations  of  slopes.  Other  compilations  were  relegated  to  the  data 
base  section  for  geographic  representation  and  only  the  grouping  schemes 
are  presented  in  this  section.  A  third  group  of  compilations  consists 
of  those  topics  which  are  not  suitable  to  worldwide  mapping  because  of 
the  scale  of  study  or  the  lack  of  worldwide  data.  These  compilations 
are  presented  as  discussions  and  are  omitted  from  the  data  base 
sections. 

Compilations  are  presented  to  characterize  the  geology  of  a  thin 
layer  of  material  found  on  large-scale  ocean  slopes.  They  are  grouped 
according  to  morphology,  surface  sediments,  and  shallow  structure. 
Efforts  were  made  to  quantify  groupings,  to  stress  compilation  of  data 
which  relate  to  geometry  of  slopes,  and  to  define  physical  properties  of 
geologic  features. 
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Morphology 

Morphology  Is  the  geometry  of  the  Interface  between  the  ocean  bot¬ 
tom  and  the  water  column.  Severs.'  parameters  were  chosen  to  character¬ 
ize  morphology.  Average  slope  angle  and  total  relief  define  the  numeri¬ 
cal  dimensions  of  slopes.  With  addition  of  a  slope  shape,  the  subtle 
variations  of  slope  angle  and  secondary  topography  become  apparent. 
Finally,  definition  of  boundary  provinces  reveals  the  geometric  rela¬ 
tionship  of  the  slope  to  Its  upper  and  lower  extremities. 

Average  Slope  Angle 

Characterization  of  slopes  by  average  slope  angle  requires  a  fixed 
relief  range.  Shepard  (1973)  measured  average  slope  angle  for  various 
worldwide  locations  of  continental  slopes  by  fixing  the  relief  at  1800  m 
and  disregarding  the  lntermed late- rel lef  topography.  A  similar  method 
was  used  in  the  present  study;  however,  2000  m  relief  was  used  and  the 
steepest  sections  of  ocean  slopes  were  measured.  Average  slope  measure¬ 
ments  were  compiled  from  NAV0CEAN0  bathymetry  at  a  scale  of  1"  ■  1° 
longitude  (over  10  x  the  scale  of  Map  I).  Slope  regions  were  outlined 
at  this  scale  by  using  the  slope  criteria. 

Slope  areas  were  grouped  according  to  average  slope- angle  ranges 
(Map  1).  Measurement  of  slope  angles  was  based  upon  contour  spacings 
which  decrease  exponentially  with  increasing  slope  angles.  A  logarith¬ 
mic  grouping  is  used:  1-2°,  2-4°.  4-8°,  greater  than  8°. 


local  Relief 


Although  average  slope  angle  applies  only  to  the  steepest  2000  m, 
total  relief  is  a  measure  of  the  entire  slope.  Total  relief  values  were 
calculated  by  subtracting  the  shallowest  depth  from  the  deepest,  and 
data  were  tabulated  in  incremental  1000  m  ranges.  In  general,  the 
higher- relief  slopes  have  the  greater  chance  of  having  steeper  slopes 
because  a  higher  relief  creates  more  2000  m  options. 


Shapes  of  Slopes 

Slope  shape  Is  a  relative  measure  of  the  variability  of  slope 
angles  and  secondary  topography.  Designation  of  shape  geometries  is 
highly  subjective.  The  grouping  scheme  is  defined  using  both  relative 
and  quantitative  criteria.  Shape  types  (Figure  3)  were  developed 
according  to  three  major  guidelines: 

1.  The  shape  types  should  reflect  geological  shape  models  proposed 
in  the  literature. 

2.  A  roughness  (secondary  topography)  scale  should  be  implemented 
into  the  classification. 

3.  Individual  shape  types  should  characterize  existing  slope 
shapes  as  determined  by  analysis  of  the  profile  compilation 
(Appendix  II). 

The  relative  configurations  and  roughness  groupings  are  illustrated  In  a 
complete  classification  of  shape  slopes  (Figure  3).  The  ranges  used  to 
specify  groups  are  absolute,  and  any  slope  profile  can  be  assigned  to 
only  one  group. 
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FIGURE  3 


Slope  shapes.  The  classification  Is  based  upon  the  relative 
variability  of  slope  angles  and  bottom  roughness. 
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Previous  geologic  studies  pointed  out  elements  of  slope  shapes 
which  prove  useful  In  formulating  a  worldwide  classification.  Shape 
models  were  proposed  for  prograding  slopes  (Sangree  and  others,  1978), 
fore-arc  slopes  (Dickinson  and  Seely,  1979),  and  continental  slopes 
(Emery,  1979).  All  these  models  are  highly  qualitative;  nevertheless, 
some  basic  ideas  were  adopted.  Shape  types  1  and  2  (Figure  3)  differ 
from  types  3  and  4  in  that  the  former  have  convex  upper  slopes  and  the 
latter  have  concave  shapes.  Sangree  and  others  (1978)  suggested  that  a 
convex  shelf-slope  break  infers  prograded  sediment  in  a  low-energy  envi¬ 
ronment,  and  the  concave  break  infers  a  high-energy  environment.  Convex 
slopes  were  also  implied  by  the  occurrence  of  a  trench-slope  break  for 
simple  fore-arc  slopes  (Dickinson  and  Seely,  1979).  Similarly,  the 
convex  shape  characterizes  many  seamount  shapes  (Bracey,  1981)  as  well 
as  other  slopes  which  have  higher  than  average  slope  angles  (Stanley, 
1975).  In  a  very  diagrammatic  representation  of  continental  slopes, 
Emery  (1979)  suggested  that  mature  prograded  slopes  best  resemble  the 
type  1  shape,  whereas  initial,  youthful  and  truncated  mature  slopes 
resemble  types  2,  4  or  5.  High-relief  slope  shapes  often  exhibit 

multiple  shapes  (Types  7  and  8),  and  these  shapes  best  resemble  the 
complex  fore-arc  slopes  (Dickinson  and  Seely,  1979). 

Characterization  of  bottom  roughness  was  arbitrarily  assigned  to 
the  shape  types  (Figure  3).  A  scale  of  increasing  relief  of  the  maximum 
bottom  roughness  correlates  with  the  type  sequence  of  1  and  3  (lowest 
roughness)  to  2  and  4  (medium  roughness)  to  5  (highest  roughness).  Each 
roughness  grouping  has  definite  relief  intervals  so  that  a  shape  can  be 
measured  and  categorized  without  ambiguity.  Types  6-8  were  not  included 
in  the  roughness  scheme.  Types  6  and  7  have  step-like  roughness  with  no 
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measurable  relief.  Types  7  and  8  have  highest  roughness  in  that  the 
secondary  topography  reaches  the  dimensions  of  the  primary  shapes  of 
other  slopes. 

Boundary  Provinces 

Lateral  slopes  are  elongate  geographic  areas  which  connect  with 
shoal  areas  at  the  top  of  the  slope  and  deep  areas  at  the  bottom.  The 
geometric  forms  of  the  boundaries  are  flat  or  slightly  inclined  tops  of 
variable  width,  and  a  variety  of  bottom  shapes  such  as  depressions,  flat 
areas,  or  a  gently  Inclined  area.  Terms  which  generally  describe  these 
areas  are  shelf,  ocean  plateau,  rise,  trench,  and  trough.  The  list  is 
neither  adequate  to  describe  all  types  of  boundary  provinces,  nor  is  it 
totally  geometric  in  its  approach  because  sedimentary  and  tectonic  proc¬ 
esses  are  implied.  For  this  reason,  boundary  provinces  were  defined  ac¬ 
cording  to  basic  geometric  form  and  genetic  inferences  were  disregarded 
except  where  specified. 

Top  boundary  provinces  were  evaluated  as  to  their  size  and  depth. 
Shelves  were  defined  as  the  flat  or  gently  inclined  areas  which 
generally  occur  at  depths  of  less  than  300  m  and  connect  with  a  land 
mass.  A  narrow  shelf  was  arbitrarily  defined  as  less  than  100  km  wide 
and  a  broad  shelf  as  wider.  This  division  crudely  separates  Pacific- 
type  shelves  from  those  in  the  Atlantic.  Where  a  land  mass  is  exposed 
with  no  obvious  shelf  top,  the  top  was  designated  as  island/no  shelf. 
An  ocean  plateau  resembles  a  shelf,  but  it  may  occur  at  any  depth  and  is 
not  connected  with  a  significant  land  mass.  An  ocean  plateau  may  occur 
In  lntra-oceanic  regions  at  very  shallow  depths  or  at  a  continental 
margin  at  minimum  depths  of  greater  than  300  m.  The  shortest  top 
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dimension  of  an  ocean  plateau  must  exceed  100  km*  If  the  top  dimension 
is  less  than  100  km,  the  no- top  classification  was  assigned  to  the  fea¬ 
ture  which  is  typically  a  seamount. 

Bottom  provinces  were  evaluated  according  to  shape  and  slope 
inclination.  A  rise  connotes  a  sediment  wedge;  however,  the  definition 
used  here  is  a  gently  inclined  slope  at  the  base  of  the  primary  slope 
province.  Where  slope  bottoms  into  a  flat  province,  the  bottom  province 
was  designated  as  a  no-bottom  classification.  The  final  two  bottoms, 
trench  and  trough,  are  similar  in  that  both  are  depressions.  The  defi¬ 
nition  of  a  trench  is  not  purely  geometric.  All  depressions  associated 
with  obvious  8ubduction  zones  were  designated  as  trenches.  Trenches 
usually  have  steeper  and  higher-relief  slopes  associated  with  the  sea¬ 
ward  side  of  the  depression  than  troughs.  Troughs  are  commonly  found  at 
the  base  of  oceanic  features  such  as  seamounts.  All  depressions  which 
are  not  associated  with  subduction  or  former  subduction  zones  were  des¬ 
ignated  as  troughs. 


Surface  Sediments 

Analysis  of  sediment  lying  near  the  water-sediment  interface  on 
slopes  is  complicated.  Ideally,  surface  sediments  represent  Holocene 
sedimentary  regimes  for  a  particular  geographic  area.  If  sedimentation 
rates  are  known,  the  thickness  of  the  Holocene  sediments  can  be  calcu¬ 
lated.  In  reality,  slope  sediments  undergo  a  wide  range  of  sedimentary 
and  tectonic  processes  such  as  mass  movement,  faulting,  and  erosion. 
Surface  sediments  may  be  absent  because  of  erosion  or  nondeposition. 


1 


21 


Bottom  surfaces  may  be  basement  outcrop  or  surfaces  of  older  sediments* 
Surface  sediments  may  vary  In  grt.in  size  and  composition  down  slope. 

An  adequate  representation  of  surface  sediments  is  difficult  to 
compile  considering  the  scale  of  this  study.  For  the  most  part,  surface 
sediments  should  be  Quaternary  sediment.  The  compilation  of  surface 
sediments  (Map  II)  represents  the  average  of  variations  with  depth  and 
Ignores  the  effects  of  local  sedimentary  processes.  These  topics  are 
inadequately  studied  worldwide  and  too  variable  over  short  distances  to 
be  considered  for  worldwide  compilations.  However,  they  should  never  be 
overlooked  when  evaluating  a  specific  slope  environment. 

Average  Type  and  Grain  Size 

The  purpose  of  this  compilation  (Map  II)  is  to  standardize  a  world¬ 
wide  distribution  of  slope  sediment  data  which  can  be  adapted  to  a  geo¬ 
acoustic  model.  The  sediment  classif ication  differentiates  sediment 
types  which  imply  varying  porosity  and/or  water  content,  in  addition  to 
presenting  the  best  available  grain-size  data.  For  the  most  part,  sur¬ 
face-sediment  data  were  compiled  from  the  geologic  literature  and  many 
aspects  of  the  available  data  are  unimportant  for  purposes  of  this 
study.  Extraction  of  needed  data  was  often  impossible.  The  compilation 
used  in  this  thesis  leans  heavily  toward  Soviet  data  because  it  is  stan¬ 
dardized  and  contains  readily  available  bulk  grain  size  and  biogenic 
fraction  of  surface  sediments  (Lisitzin,  1972,  1975,  1975a)  (Anonymous, 
1975)  (Kort,  1970,  1970a).  Data  from  western  scientists  generally  can¬ 
not  be  standardized  because  of  the  varied  classification  schemes  and 
scientific  purposes.  Consequently,  the  Soviet  data  forms  the  basis  of 


the  compilations  and  pertinent  western  studies  were  used  to  supplement 
and  check  the  Soviet  base. 

Major  sediment  types  are  terrigenous,  biogenic,  and  nonblogenic 
pelagic  sediments.  Terrigenous  sediments  consist  predominantly  of  ori¬ 
ginally  fluvial  sediments;  however,  ice-rafted  sediments  are  important 
in  polar  regions,  aeolian  sediments  in  arid  regions  and  volcanogenlc 
sediments  near  arcs  (Hsitzin,  1972).  Biogenic  slope  sediments  are 
dominantly  pelagic,  calcareous  Foraminifera  and  nannoplankton.  Ben- 
thonic  forams  are  common  in  lesser  amounts  and  pteropods  may  occur  in 
warm  climates  at  depths  less  than  3000  m.  Siliceous  sediments  consist 
of  dlatomaceous  sediments  in  the  high  latitudes  and  radlolarian  sedi¬ 
ments  in  the  equatorial  regions,  but  siliceous  sediments  are  rarely  the 
dominant  sediment  on  slopes.  Pelagic  nonblogenic  sediments  generally 
have  a  higher  water  content  than  terrigenous  sediments.  A  fourth  group 
is  transitional  between  the  biogenic  and  nonblogenic  components  (see  Map 

II  )• 

It  is  difficult  to  formulate  a  standard  grain-size  grouping  from 
compiled  data  sources.  Two  major  problems  exist:  correlation  of  grain 
size  distribution  to  mean  grain  size  and  correlation  of  the  Soviet  size 
scale  to  the  Wentworth-Udden  scale  used  by  western  scientists. 

Western  studies  generally  describe  grain  size  by  a  ternary  diagram 
which  is  a  plot  of  grain-size  distribution  and  a  description  term  that 
has  quantitative  boundaries  (JOIDF.S,  1977).  Mean  grain  size  may  be  cal¬ 
culated  from  a  detailed  size  analysis.  Unfortunately  the  two  results, 
mean  grain  size  and  the  descriptive  term,  cannot  be  accurately  related. 
The  only  way  to  overcome  this  problem  is  to  compare  the  detailed  analy¬ 
sis  of  available  studies.  This  is  beyond  the  scope  of  this  thesis. 
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The  Soviets,  more  so  than  western  scientists,  have  collected 
worldwide  sediment  data  and  have  published  crude  ranges  of  each  major 
size  division  (Figure  4).  Like  the  western  phi  scale,  the  Soviets  use  a 
log  scale;  however,  the  groupings  are  different  from  the  Wentworth-Udden 
system.  Llsitzin  (1972)  correlated  the  Soviet  scale  with  western  grain 
size  usage.  He  linked  ranges  of  mean  grain  size  to  Soviet  distribution 
maps  and  correlated  the  mean  grain  sizes  to  western  terminology.  In 
Figure  4,  the  sediment  groupings  of  fine-medium  silt,  fine  silt  and  clay 
correspond  to  western  mean  grain-size  studies  in  phi  terms.  Correlation 
of  distributions  to  the  mean  grain- size  data  can  be  accomplished  only  by 
assuming  normal  distributions  and  this  occurrence  is  unlikely.  On  Map  II 
the  most  accurate  groupings  (fine  silt  and  clay)  are  derived  from  the 
Soviet  data.  The  fine  to  medium  silt  group  is  partially  inferred  from 
western  studies  (Scholl  and  others,  1968,  Frazer  and  others,  1972). 

The  groupings  which  delineate  surface-sediment  groups  can  be  cor¬ 
related  to  velocity-ratio  data  (Hamilton,  1980).  By  plotting  Hamilton's 
mean  grain-size  ranges  for  each  sediment  type,  one  can  assign  velocity 
ratios  to  slope  sediments  (Figure  5). 

Small-Scale  Variation 

The  large-scale  sedimentary  regime  for  a  slope  region  is  dependent 
upon  regional  sediment  source  and  climate  (Lisitzin,  1972).  For 
example,  terrigenous  input  for  glacial  regions  is  generally  coarse 
grained  and  immature,  whereas  a  tropical  river  may  transport  fine 
grained  clays.  Also,  sparsity  of  terrigenous  source  may  give  way  to 
biogenic  sediments  (Lisitzin,  1972).  Such  concepts  are  displayed  by  the 
surface  sediment  compilation  (Map  II). 


FIGURE  4.  Comparison  of  grain-size  schemes.  Western  size  scales  (phi, 
Udden-Wentvorth)  are  compared  to  the  Soviet  scheme  (pellte, 
aleurlte-pellte,  and  aleurite,  Lisltzin,  1972),  and  to  metric 
scales. 


Comparison  of  Grain-Size  Schemes 
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FIGURE  5 


Velocity  ratios  for  surface  sediments.  Velocity  ratios  are 
determined  by  surface-sediment  type  and  average  grain  sire. 
Adapted  from  Hamilton  (1980). 
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Numerous  small-scale  variations  can  radically  alter  the  charac¬ 
ter  of  the  generalized  surface  sediments.  Mass  movement  of  sediment, 
ubiquitous  canyons  and  slope  gullies,  grain  size  and  compositional  vari¬ 
ation  down  slope,  and  modification  by  bottom  currents  are  recognized  as 
the  most  important  sources  of  variation.  These  phenomena  alco  influence 
the  character  of  bottom  morphology  and  the  outcrop  of  older  structure  on 
slopes.  The  small  scale  of  these  phenomena  places  them  beyond  the  scope 
of  this  study.  Slope  environments  are  not  mapped  in  sufficient  detail 
to  reveal  occurrence  of  all  these  variations.  Consequently,  it  is 
unrealistic  to  include  their  compilation.  However,  relationships  are 
recognized  concerning  the  interaction  of  small-scale  variation  to  other 
slope  parameters.  For  this  reason,  a  brief  summary  is  offered  for  each 
major  phenomenon. 

Mass  movement  of  sediment  on  slopes  is  dependent  upon  volume  of 
sediment  supply,  strength  of  the  sediment,  ’’triggering"  by  tectonic 
movement,  oversteepening  by  erosion  of  deposition  and  probably  numerous 
undetermined  sources  (Morgenstern,  1967).  Because  a  variety  of  factors 
cause  mass  movement,  the  occurrence  of  slumps,  turbidites,  or  various 
other  types  of  movement  are  difficult  to  evaluate.  For  example,  whereas 
slumping  has  occurred  on  slopes  of  1°,  sediment  on  slopes  of  up  to  35° 
may  remain  unmoved  (Morgenstern,  1967). 

Various  types  of  mass  movement  have  been  studied  (Lowe,  1979; 
Nardin  and  others,  1979)  and  each  type  moves  according  to  gravity  and 
momentum.  As  compared  to  movement  in  other  ocean  regions,  intra-slope 
movement  is  dominated  by  collapse  and  down-slope  movement  of  relatively 
undeformed  sedimentary  units  called  slumps  or  glides.  These  sedimentary 
features  are  a  large  source  of  slope  roughness.  They  are  characterized 
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by  steep  up-slope  "scars”  (which  resemble  escarpments  in  cross-section) 
and  down-slope  knolls  or  talus  piles  which  often  have  rotated  but  Intact 
bedding  (Nardln  and  others,  1979). 

Deposits  caused  by  sediment  flows  are  also  Important.  Their  place¬ 
ment,  however,  Is  generally  at  the  base  of  slopes  or  behind  dam  struc¬ 
tures.  Sediment  flows  can  range  from  debris  flows  to  turbidltes  (Nardln 
and  others,  1979)  and  they  often  result  from  Initial  slide  processes. 
Turbidltes  are  most  common  on  the  floor  of  submarine  canyons  and  on 
rises.  They  result  from  slumping  on  Intra-slope  regions,  erosional 
slumping  of  canyon  walls,  or  introduction  of  sediments  at  the  canyon 
head  (Shepard  and  Dill,  1965). 

Submarine  canyons  and  slope  gullies  are  common  on  slopes.  They 
form  indentations  of  variable  width,  length  and  depth,  and  are  a  prime 
source  of  bottom  roughness.  Various  hypotheses  attribute  their  origin 
to  erosional  processes  related  to  river  sources  or  submarine  sediment 
slumping  and  turbidity  currents  (Shepard  and  Dill,  1966).  They  have 
steep  walls  which  often  cut  into  the  older  structure  of  the  slopes.  Off 
the  east  coast  of  the  United  States,  most  submarine  canyon  walls  are 
truncated  sedimentary  strata,  whereas  off  the  California  coast,  canyons 
cut  into  crystalline  rocks  (Shepard  and  Dill,  1966).  Canyons  are  recog¬ 
nized  as  both  active  (with  erosional  walls  and  floored  by  turbidltes) 
and  inactive  (covered  by  a  layer  of  recent  pelagic  or  hemipelagic 
sediment)  (Shepard,  1981). 

Major  down-slope  variations  in  sediment  composition  and  grain  size 
are  caused  by  distance  from  terrigenous  source,  lack  of  certain  biogenic 
production  below  photic  zone  depths,  and  dissolution  of  carbonate  sedi¬ 
ments  below  the  carbonate  compensation  depth  (CCD).  Grain  size  generally 
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decreases  with  depth  for  both  carbonate  and  terrigenous  sediments  and 
carbonate  sediments  dissolve  below  the  CCD.  However,  the  variations  may 
be  overidden  by  mass  movement  processes  and  bottom  currents. 

A  simplistic  view  of  terrigenous  sediment  on  continental  margins 
includes  a  sandy  shelf,  a  silty  slope  and  a  clayey  rise.  The  decrease 
in  grain  size  is  attributable  to  distance  from  terrigenous  sources 
(Bouma,  1979).  The  same  trend  exists  across  slope  regions  where  upper 
slopes  have  coarser  muds  than  lower  slopes.  Macllvalne  and  Ross  (1979), 
for  the  New  England  slope;  Krlssek  and  others  (1980),  for  the  Peru 

slope;  and  Murdma  and  Bezrukov  (1970),  for  the  Southern  Kurile  fore-arc 
region;  found  somewhat  linear  decreases  in  grain  size  of  terrigenous 

sediments  with  depth  on  slopes.  On  the  other  hand,  Doyle  and  others 
(1979)  and  Keller  and  others  (1979)  found  no  variation  for  silty  clays 
recovered  from  the  slope  off  the  northeastern  United  States;  however, 
adjacent  shelf  and  rise  sediments  were  found  to  be  coarser  and  finer, 
respectively. 

Carbonate  sediments  on  slopes  show  similar  down-slope  trends  for 
different  reasons.  Except  for  the  mass  movement  of  sediments  and  occa¬ 
sional  shelf  spillover,  the  predominant  carbonate  slope  sediment  is  pel¬ 
agic  Foraminifera  and  nannoplankton  (Moore  and  others,  1976;  Scoffin  and 
others,  1980;  Mullins  and  Neuman,  1979:  Schlager  and  Chermak,  1979). 

Average  grain  size  of  pelagic  carbonates  decreases  linearly  from  about 

0.03  mm  at  1600  m  to  less  than  0.004  mm  at  4000  m  for  sediments  on  the 
gently  inclined  Ontong-Java  Platnau  (Johnson  and  others,  1977).  This 
trend  coincides  with  a  slight  decrease  in  carbonate  content.  The 
decrease  in  grain  size  evidently  resulted  from  breakdown  or  dissolution 


of  pelagic  tests. 
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Carbonate  surface  sediments  are  absent  below  the  CCD  (Figure  6, 
Berger  and  Winter,  1974).  Sediments  on  the  basal  sections  of  slopes 
below  the  CCD  will  have  sediment  compositions  which  reflect  sources 
other  than  those  of  pelagic  carbonates.  For  example,  equatorial  regions 
may  have  significant  quantities  of  basal  radiolaria  and  high  latitude 
slopes  may  have  diatoms.  Other  areas  may  have  hemipelagic  sediments. 
In  the  absence  of  any  significant  sediment  source,  red  clay  may  be  the 
major  surface  sediment  at  the  base  of  the  slope. 

Subduction  processes  may  greatly  alter  the  character  of  sediments 
at  the  base  of  fore-arc  slopes.  In  studying  surface  sediments  from  the 
Oregon-Washington  slope,  Carson  (1977)  found  overconsolidated  and 
dewatered  sediments  at  the  base  of  the  slope  and  underconsolidated 
sediments  on  upper  slopes.  He  attributed  tectonism  due  to  subduction  as 
the  cause  of  the  anomalous  basal  sediments.  If  similar  occurrences 
exist  for  other  fore-arc  regions,  it  can  be  expected  that  subduction 
complexes  (Karig,  1977)  will  have  anomalous  sediment  properties. 

Modification  of  sediments  by  bottom  currents  may  be  an  important 
but  variable  influence  upon  surface  sediment  on  slopes.  Paths  of  bottom 
currents  are  often  unknown  worldwide,  but  they  are  suggested  by  sediment 
drifts  near  the  base  of  slopes  and  scouring  of  slope  walls,  especially 
for  intra-oceanic  features  and  constricted  areas.  Off  the  southeastern 
coast  of  the  United  States,  the  Gulf  Stream  scours  the  slope  wall  off 
the  Blake  Plateau  (Emery  and  Uchupi,  1972).  Bottom  currents  do  not  play 
a  major  role  in  sedimentation  for  slopes  off  the  northeastern  United 
States  (Doyle  and  others,  1979). 

Internal  waves  are  suggested  as  another  modifying  source  for  slope 
sediments  (Bouma,  1979),  but  their  effect  is  unsubstantiated.  It  is 
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FIGURE  6.  Depth  of  the  Calcium  Carbonate  Compensation  Surface.  Adapted 
from  Berger  and  Winterer  (1974). 


and  Winterer,  1974) 


suggested  that  deposition  occurs  downslope  and  just  upslope  of  the 
breaking  point.  Erosion  occurs  further  upslope. 

Plate-Tectonic  Association 

A  classification  of  slopes  was  implemented  to  indicate  ongoing  and 
initial  tectonic  processes  associated  with  plate  tectonic  theory  (Map 
III).  Problems  arising  in  formulating  such  a  map  include  the  lack  of 
definitive  data  worldwide  and  the  lack  of  rigid  groupings  which  totally 
characterize  one  region  as  opposed  to  another.  Consequently,  speculation 
and  a  priority  scheme  were  implemented  into  the  classification.  The  pri¬ 
mary  purpose  of  the  map  is  to  classify  all  lateral  slopes  as  a  distinc¬ 
tive  tectonic  class  so  that  the  tectonic  class  can  be  contrasted  with 
other  slope  characteristics.  Many  ambiguities  arise  in  defending  the 
scheme  because  slope:  were  implied  to  be  associated  with  tectonic  situa¬ 
tions.  Actually,  slope  characteristics  may  or  may  not  be  related  to  the 
tectonic  situation. 

The  major  division  in  the  classification  scheme  Is  the  separation 
of  active  and  passive  plate  margins  (Figure  7).  Active-associated  slopes 
are  slopes  in  Cenozoic-Mesozoic  megasuture  belts  of  the  world  where  sub- 
duction  and  translation  are  occurring  (Anonymous,  1979).  These  regions 
are  characterized  by  mountain  building,  volcanism,  and  anomalous  heat 
flow.  Areas  outside  the  megasuture  zones  are  not  plate  margins.  A  dif¬ 
ferent  scheme  was  used  to  classify  slopes  outside  megasuture  zones. 
Such  slopes  include  many  slopes  in  ocean  basins  as  well  as  those  adja¬ 
cent  to  continents.  An  arbitrary  division  was  made  to  divide  these  two 
major  types  of  features.  Although  the  division  is  not  tectonically 
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motivated,  it  avoids  the  problem  of  the  origin  of  i^tra-oceanic  fea¬ 
tures.  Figure  7  outlines  the  tectonic  classification  utilized  on  Map 
III.  The  classification  separates  slopes  according  to  their  local 
association  with  current  plate  tectonic  activity.  Major  data  sources 
for  this  compilation  are:  Anonymous  (1979),  Emery  (1979),  Dickinson  and 
Seely  (1979)  and  many  papers  listed  in  Appendix  I. 

Slopes  in  megasutures  were  first  classified  according  to  their 
association  to  present  plate  movement  (Anonymous,  1979).  Slopes  asso¬ 
ciated  with  subduction  are  fore-arc  regions,  outer  trench  walls  and 
back-arc  walls.  Slopes  associated  with  translation  occur  near  active 
strike-slip  movement.  In  the  past,  many  of  these  slopes  were  associated 
with  subduction  (e.g.,  western  Aleutians,  Puerto  Rican  fore-arc  region, 
Burdwood  Bank).  Many  slopes  in  mega6utures  are  not  associated  with 
presently-active  plate  boundaries.  Such  slopes  are  the  apparent  passive 
slopes  of  small  basins  and  remnant  arcs. 

Slopes  located  outside  mega-sutures  were  divided  into  intra-oceanic 
features  and  rifted  continental  margins.  Rifted  continental  margins 
have  either  translational  or  divergent  origin. 

Shallow  Structure 


Structure  in  the  Top  200  m 

Profiles  shown  in  Appendix  II  were  examined  to  characterize  the 
types  of  outcrop  found  in  the  upper  200  m  of  slopes.  An  outcrop  is 
defined  as  an  acoustic  horizon  in  the  upper  200  m  which  indicates  a 
sharp  rise  in  acoustic  velocity  as  compared  to  overlying  or  adjacent 
reflections.  In  geological  terms,  an  outcrop  usually  represents 


FIGURE  7.  Plate-tectonic  association  of  elopes.  This  classification 
scheme  distinguishes  slopes  associated  with  active  plate 
movement  from  those  with  passive  association. 
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crystalline  or  lithifled  rocks  which  lie  unconformably  beneath  prograded 
sediments  or  are  exposed  on  a  slope.  The  nature  of  the  outcrop  is 
evaluated  from  papers  listed  in  the  bibliographies  (Appendix  1)  and  the 
profiles. 

Outcrops  were  identified  as  geological  rock  units,  and  the  percent¬ 
age  of  the  slope  with  outcrop  was  measured.  Major  sedimentary  outcrops 
are  deformed  sedimentary  rocks,  truncated  sedimentary  rocks,  diapirs  and 
reefs.  Crystalline  outcrops  are  both  continental  and  oceanic  rocks. 
Acoustic  basement  refers  to  nondetermined  high  impedance  outcrops.  The 
extent  and  type  of  outcrop  were  determined  from  profiles  in  Appendix  II. 
For  the  most  part,  only  one  outcrop  was  identified  for  a  single  profile. 
However,  oceanic  crystalline  basement  often  occurred  simultaneously  with 
deformed  or  truncated  sedimentary  rocks.  The  extent  of  each  outcrop  was 
noted  in  terms  of  percent  of  the  total  vertical  axis. 

Outcrop  types  have  significant  geological  implications.  The 
presence  of  older  structure  near  the  surface  of  a  slope  indicates  the 
presence  of  unconformities,  nondeposition  or  tectonism.  The  prograded 
outcrop  type  indicates  the  absence  of  a  significant  near-surface  out¬ 
crop.  Because  minor  unconformities  are  likely  to  be  present  on  all 
profiles,  they  were  overlooked.  Deformed  sedimentary  rocks  (and  sedi¬ 
ment)  compose  what  is  referred  to  as  a  subduction  complex  (Karig  and 
Sharman,  1975).  Truncated  sedimentary  rocks  (and  sediment)  represent 
exposed  angular  unconformities.  Truncated  units  may  be  escarpments  and 
indicate  current  scour,  tectonism,  or  extreme  mass  movement  of  sediment 
(Emery,  1979;  Shepard  and  Dill,  1966).  Diapirs  and  reefs  often  form 
sedimentary  dams.  For  example,  the  lower  slope  of  the  Northern  Gulf  of 
Mexico  is  formed  by  a  salt  wall  called  the  Sigsbee  Escarpment. 
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Similarly,  the  Blake-Bahama  Escarpment  is  a  reefal  dam  (Emery  and 
Uchupi ,  1972). 

Various  types  of  basement  outcrops  were  classified.  Acoustic  base - 
ment  Is  an  unidentified  acoustic  horizon  which  is  the  deepest  horizon 
observed  on  a  seismic  profile.  Oceanic  basement  is  either  baslnal  crust 
or  pinnacle  (oceanic  volcanoes)  structures  normally  situated  at  the  base 
of  a  slope.  Pinnacle  structures  are  often  associated  with  trunucated  or 
derormed  sedimentary  rock  outcrops.  Continental  basement  normally  occurs 
as  a  massive  block  which  might  underlie  the  total  slope. 

Total  Sediment  Thickness 

Sediment  thickness  Is  a  measure  of  the  thickness  of  sediment  and 
sedimentary  rock  to  a  chosen  basement  datum.  Measurement  of  sediment 
thickness  on  slopes  is  very  difficult  for  the  following  reasons: 

1.  Basement  is  rarely  identified  on  seismic  profiles. 

2.  Thickness  is  highly  variable. 

3.  The  slope  is  often  near  the  boundary  between  continental  and 
oceanic  type  crust. 

4.  Seismic  profiling  across  sloping  bottoms  Is  highly  distorted  by 
vertical  exaggeration  and  complex  geology.  Appearance  of  struc¬ 
ture  Is  often  ambiguous. 

Sediment  thickness  was  measurable  for  only  half  the  profiles  in 
Appendix  II.  Deepest  observed  basement  datums  are  acoustic  basement, 
crystalline  basement,  diapirs,  and  reefs. 
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DATA  BASE  FOR  LATERAL  SLOPES 

The  data  base  consists  of  a  tabulation  of  slope  parameters  in 
computer-compatible  format.  Grouping  is  predominantly  subjective;  slope 
areas  are  divided  into  equally-spaced  stations. 

Thirteen  parameters  were  formulated  from  the  slope  compilations 
(Tables  II  and  III).  Each  parameter  represents  a  geologic  compilation 
for  all  lateral  slopes.  The  variation  within  each  parameter  is  represen¬ 
ted  by  a  group  of  parameter  classes.  For  example,  surface  sediment  type 
is  a  parameter.  Its  parameter  classes  are  terrigenous,  30-50%  carbonate, 
greater  than  50%  carbonate,  greater  than  50%  carbonate  and  biogenic  sil¬ 
ica,  and  pelagic  clay. 

Parameters  were  evaluated  using  either  of  two  spacial  schemes.  For 
parameters  1-8  (Table  II)  the  lengths  of  all  lateral  slopes  were  divided 
into  3125  equally  spaced  100  km  stations,  and  parameter  class  designa¬ 
tions  were  assigned  to  each  station.  On  the  other  hand,  parameters  9-13 
(Table  III)  were  tabulated  from  520  profiles  (Appendix  II)  and  parameter 
class  designations  were  assigned  to  stations  which  coincide  with  profile 
locations  (Map  IV).  Although  only  17%  of  all  stations  have  coincident 
profiles,  an  attempt  was  made  to  use  only  those  profiles  which  are 
spacially  representative  of  all  lateral  slope  areas.  Only  one  profile 
could  ^e  included  for  a  single  station.  The  dual  nature  of  spacial 
tabulation  of  data  was  treated  as  follows: 

1.  Stations  with  no  profiles  were  evaluated  for  parameters  1-8 
(Table  II). 

2.  Stations  which  include  profiles  were  evaluated  for  parameters 
1-13  (Tables  II  and  III). 


TABLE  II.  PARAMETERS  1-8 


TABULATED 

PARAMETERS  FOR  3125  EQUALLY  SPACED 

100  KM  STATIONS 

PARAMETER 

PARAMETER  CLASS 

CARD  $  OF 

TOTAL 

DESIGNATION** 

1. 

Ocean  Section* 

Indian 

1 

26 

North  Pacific 

2 

22 

South  Pacific 

3 

19 

North  Atlantic 

4 

11 

South  Atlant  Ic 

5 

9 

Med  It.  and  Black  Seas 

6 

3 

Arct  Ic 

7 

4 

Antarctic 

8 

6 

2. 

Top  Boundary 

Shel  f  <>100  km) 

1 

27 

Province 

Shel f  <<100  km) 

2 

22 

Island 

3 

17 

Ocean  Plateau 

4 

20 

No-Top  Class  1 f Icatlon 

5 

14 

3. 

Bottom  Boundary 

Rise 

1 

34 

Prov 1  nee 

Trench 

2 

18 

Trough 

3 

11 

No- Bottom  Classification 

4 

27 

4. 

Rel lef 

2000  m 

1 

17 

2001-3000  m 

2 

44 

3001-4000  m 

3 

33 

4001-5000  m 

4  1 

5001-6000  m 

5 

13 

6001-7000  m 

6 

7001-8000  m 

7 

8001-9000  m 

8 

9001-10000  m 

9 

5. 

Slope  Angle 

1-2* 

1 

24 

2-4* 

2 

31 

4-0* 

3 

35 

>8* 

4 

11 

6. 

Surface  Sediment 

Terrigenous 

1 

38 

Type 

30-50$  Carbonate 

2 

22 

>50$  Carbonate 

3 

34 

>50$  Carbonate  and  Biogenic 

4 

4 

Sll lea 

Pelagic  Clay 

5 

3 

7. 

Surface-Sediment 

No  data 

0 

4 

Grain  Size 

Silt 

1 

13 

Fine  Silt 

2 

Clay 

3 

4 

8. 

Plate-Tectonic 

Complex  Forearc  Region* 

1  11 

Association 

Simple  Forearc  Region* 

2 

8 

Outer  Trench  Wal 1 

3 

3 

Backarc  Wal  1 

4 

2 

Remnant  Arc 

5 

l 

Active  Translation 

6 

7 

Apparent  Passive 

7 

1  1 

Intra-ocean  Ic 

8 

22 

Passive  Divergent 

9 

28 

Passive  Translation 

10 

7 

*  see  Figure  2  for  boundaries 

**  see  figure  9 

t  defined  by  OIcKInson  and  Seely  (1979) 


TABLE  111.  PARAMETERS  9-13 

TABULATED  PARAMETERS  FOR  520  °UBL  ISHED  SEISMIC  A*©  BATHYMETRIC  PROFILES* 
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PARAMETER 

PARAMETER  CLASS 

CARD 

DESIGNATION 

*  OF  TOTAL 

9.  Shape 

Sigmoidal  Smooth 

1 

15 

Sigmoidal  Rough 

2 

29 

Abrupt  Smooth 

3 

to 

Complex 

4 

14 

Step 

5 

10 

Hlgh-Rel let  Step 

6 

7 

Hlgh-Rellef  Complex 

7 

3 

Abrupt  Rough 

8 

12 

10.  Outcrop  Type  In 

Not  Determined 

0 

18 

the  Upper  200  m 

No  Outcrop  (prograded  Sed.) 

1 

16 

Truncated  Sed.  and  Sed.  Rocks 

2 

15 

Dlapl rs 

3 

2 

Deformed  Sed.  and  Sed.  Rocks 

4 

21 

Reef 

5 

2 

Acoustic  Basement 

6 

5 

Crystal  1  Ine  Block 

7 

4 

Crystal  1  Ine  Pinnacles 

8 

4 

Crystalline  Pinnacles  and 

9 

5 

Truncated  Sed. /Sed.  Rocks 
Crystalline  Pinnacles  and 

10 

7 

Deformed  Sed  ./Sed.  Rocks 

II.  Outcrop  Percent 

0* 

0 

14 

1-9* 

1 

6 

10-19* 

2 

4 

20-29* 

3 

7 

30-39* 

4 

3 

40-49* 

5 

5 

50-59* 

6 

4 

60-69* 

7 

4 

70-79* 

8 

10 

80-89* 

9 

1 

90-100* 

10 

1 

Not  Determined 

1  1 

40 

12.  Sediment  Thickness 

Not  Determined 

0 

50 

0-200  m 

1 

10 

200-400  m 

2 

7 

400-800  m 

3 

4 

4 

0 

1000-2000  m 

5 

2 

>2000  m 

6 

1 

500-1000  m 

7 

16 

>1000  m 

8 

9 

9 

0 

400-1000  m  (Inclusive) 

10 

21 

>1000  m  ( Incl uslve) 

It 

12 

13.  Basement  Type 

Ns+  Determined 

0 

50 

Dleplrs 

1 

5 

Reef 

2 

3 

Acoustic  Basement 

3 

32 

Crystal  1 Ine 

4 

8 

Oleptrs  and  Acoujtlc  Basement 

5 

1 

*  sh  Appendix  II  tor  Prof  I  l«s 
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Any  single  slope  station  was  characterized  by  a  maximum  of  thirteen 
parameter-class  designations. 


Data  Format 

Computer  punch  cards  were  used  to  record  tabulated  data.  Each  card 
contains  data  for  one  station.  Punched  data  include  the  station  number, 
the  profile  number  (if  a  profile  is  present),  and  the  parameter-class 
designations.  Figure  8  illustrates  the  card  format  for  a  station  with  a 
corresponding  profile.  A  total  of  3125  cards  comprise  the  data  base. 

Problems  with  the  Data  Base 

When  judging  the  quality  of  data  base  findings  and  uses,  the  reader 
should  keep  in  mind  several  unresolved  problems. 

1.  Only  lateral  slopes  are  evaluated  in  the  data  base;  conical 
slopes  are  not. 

2.  Two  spacial  schemes  (stations  and  profiles)  with  unequal  cover¬ 
age  are  combined  to  offer  representative  sampling  of  lateral  slopes. 

3.  Chosen  parameters  are  assumed  to  represent  valid  slope  charac¬ 
teristics.  Many  other  parameters  which  characterize  slopes  had  to  be 
omitted  because  no  practical  application  to  the  data  base  could  be 
realized. 

4.  The  grouping  of  many  parameters  is  subjective.  Although  exist¬ 
ing  geologic  terminology  determines  some  parameter  classes,  others  were 
defined  by  the  author  on  the  basis  of  inspection  of  the  total  range 
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FIGURE  8 


.  Computer  card  format  for  recording  data  for  a  single  station 
on  one  punched  card.  Host  tabulations  are  parameter  class 
card  designations  listed  on  Tables  II  and  III.  An  Index  to 
station  locations  Is  available  on  request.  Card  designations 
of  ocean  section  for  profiles  are:  0  for  no  profile,  1  for 
Arctic,  2  for  Antarctic,  3  for  Mediterranean  and  Black  Seas, 

4  for  East  Atlantic,  5  for  West  Atlantic,  6  for  East  Pacific, 
7  for  West  Pacific,  and  8  for  Indian.  Ocean  boundaries  for 
profiles  and  profile  numbers  are  shown  on  Map  IV. 

The  station  tabulated  on  the  figure  is  for  Antarctic  profile 
17.  The  card  designations  indicate  that  the  station  is  char¬ 
acterized  by  a  broad  shelf  at  its  top,  a  rise  at  its  base, 
relief  of  200-3000  m,  slope  of  2-4°,  fine  silt-size  terrig¬ 
enous  surface  sediment,  a  passive  translation  tectonic  asso¬ 
ciation,  a  sigmoidal  smooth  shape,  no  outcrop  in  the  upper 
200  m,  and  sediment  thickness  of  500-1000  m  to  acoustic 
basement . 
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of  compilations.  "Natural"  grouping  of  slope  characteristics  is  usually 
unknown  and  impossible. 

5.  Great  disparity  exists  in  the  quality  and  coverage  of  tabulated 
data.  Best  data  are  for  the  North  Atlantic  and  North  Pacific,  poorest 
data  for  the  Arctic  and  Antarctic.  Data  composing  the  surface-sediment 
size  compilation  are  unreliable  and  often  impossible  to  standardize. 
Only  503!  of  profiles  (Appendix  II)  reveal  definitive  total  sediment 
thickness  and  deepest  observed  basement,  60%  reveal  outcrop  frequency 
and  82%  reveal  outcrop  type. 
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DATA  BASE  ANALYSIS 

Analyses  are  based  upon  computer  counting  and  sorting  of  slope  sta¬ 
tions  and  corresponding  data  distributions.  Various  data  presentations 
were  constructed  to  define  data  distributions,  to  reveal  relationships 
among  parameters,  and  to  group  parameters.  Order  of  presentation  is  cum¬ 
ulative  in  that  later  analyses  in  this  section  incorporate  earlier  ones. 

Global  Data  Distribution 

A  distribution  is  the  frequency  of  all  parameter  classes  for  a 
group  of  stations.  Distributions  were  formed  by  sorting  occurrences  of 
parameter  classes  for  all  stations  and  counting  the  number  of  stations 
assigned  to  each  parameter  class.  Because  the  sum  of  parameter  classes 
for  a  single  parameter  always  equals  the  global  number  of  stations,  fre¬ 
quencies  of  parameter  classes  were  represented  by  percentages. 

The  global  distribution  of  parameter  classes  represents  all  lateral 
slopes  (Tables  II  and  III).  The  distribution  reveals  the  occurrence  of 
a  variety  of  geological  phenomena  related  to  the  world  as  a  whole.  For 
example,  the  global  distribution  for  slope  surface-sediment  type  is  38% 
terrigenous,  22%  carbonate  (30-50%  CaC03),  38%  biogenic  (>50%  CaC03 
and  Si02),  and  3%  pelagic  clay. 

Plate  I  shows  the  global  distr ibution  of  all  combinations  of  two 
parameter  classes.  Each  single  matrix  for  two  parameters  represents  100% 
of  all  lateral  slopes.  Precise  percentages  are  listed  for  the  most  fre¬ 
quent  combinations  on  Table  IV,  and  these  combinations  are  dominantly 
representative  of  top  province,  bottom  province,  plate-tectonic  associa¬ 
tion  and  surface-sediment  type. 
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Numerical  Scale  Parameters 

Four  parameters  chosen  for  the  data  base  consist  of  parameter-class 
divisions  which  can  be  treated  as  numerical  scales.  These  parameters 
are  average  slope,  relief,  surface -sediment  grain  size  and  outcrop  per¬ 
centage.  The  presence  of  numerical  scales  opens  a  new  dimension  to  data 
analysis.  First  of  all,  the  parame ter- class  distributions  might  be  eval¬ 
uated  as  to  their  suitability  foi  statistical  analysis.  For  the  most 
part,  the  sampling  techniques  used  in  this  study  are  not  precise  enough 
to  warrant  formal  statistical  analysis.  In  all  cases,  data  were  grouped 
into  ranges  and  averaged  values  were  assigned  to  discrete  parameter 
classes.  Because  Chi  square  analyses  of  distributions  always  fall  far 
below  acceptable  levels  for  normal  distribution,  it  is  important  not  to 
take  the  data  beyond  statistical  limits. 

Correlation  coefficients  (r)  for  combinations  of  numerical  scale 
parameters  reveal  significant  positive  correlation  at  the  .05  level  for 
slope  and  relief,  slope  and  outcrop  frequency,  and  outcrop  frequency  and 
sediment  size  (Figure  9).  These  correlations  are  very  weak,  and  signifi¬ 
cance  of  correlation  is  attributed  to  the  large  size  of  the  populations. 
The  predictibility  of  one  parameter  from  another  correlated  parameter  is 
similarly  weak  for  all  correlations.  For  example,  the  best-fit  linear 
regression  equation  for  the  strongest  correlation  (slope  and  relief) 
accurately  characterizes  only  18%  (r^)  of  all  possible  predictions. 
The  weakness  of  the  correlations  is  attributed  to  the  natural  scatter  of 
the  data  as  well  as  the  sampling  method  of  using  ranges  of  data  rather 
than  discrete  values.  Nevertheless,  significant  correlations  do  exist 
and  their  presence  warrants  further  geological  investigation. 
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TABLE  IV.  MOST  FREQUENT  COMBINATIONS  OF  TWO  PARAMETER  CLASSES* 


PARAMETER  CLASS  COMBINATIONS 


i  OF  TOTAL  LATERAL 
SLOPE  POPULATION 

23 
20 
19 
18 
18 
17 
16 
16 
16 
16 
15 
14 
14 
14 
13 
12 
12 
12 
12 
12 
12 
12 
1 1 
1 1 
1  I 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Brood  Shel  f 
Rise 

No-Bottom  Class. 
Terr Igenous 
R1  se 

Ocean  Plateau 
Forearc  Reg  Ion 
Broad  Shel  f 
>50$  B I ogen Ic 
Trench 
Indian 
Trench 
Trench 
Terr Igenous 
Rl  se 

Terr Igenous 
North  Pacl  f  Ic 
Ocean  Plateau 
Broad  Shelf 
Broad  Shel  f 
Broad  Shel  ♦ 

Ri  se 
Indian 

Terr Igenous 
Passive  Divergent 
Ind i an 
Indian 

Sou+h  Pac I  tic 
Narrow  Shelf 
Rl  se 
Rise 
Rl  se 

>50$  B I  ogen  Ic 
Passive  Divergent 
Passive  Divergent 
Passive  Divergent 
Passive  Divergent 


Rise 

Passive  Divergent 
Intra-ocean  Ic 
Deformed  Sed./Sed. 
Sigmoidal  Rough 
Intra-ocean  Ic 
Deformed  Sed./Sed. 
Terrigenous 
Intra-ocean  I  c 
Forearc  Region 
>50$  B logon Ic 
Forearc  Region 
Deformed  Sed./Sed. 
Sigmoidal  Rough 
Truncated  Sed./Sed 
Passive  Divergent 
Terr Igenous 
>50$  Biogenic 
Sigmoidal  Smooth 
No  Outcrop 
Truncated  Sed./Sed 
No  Outcrop 
No  Bottom  Class. 
Forearc  Region 
Truncated  Sed./Sed. 
Ocean  Plateau 
Rl  se 

>50$  Biogenic 
Terr Igenous 
Terrigenous 
Sigmoidal  Smooth 
No  Outcrop 
Passive  Divergent 
Sigmoidal  Smooth 
Sigmoidal  Rough 
to  Outcrop 
Truncated  Sed./Sed. 


Rks 


Rks 


Rks 

Rks 


Rks 


Rks 


Rks 


•tor  Parameters  1-3,  6,  8-10  (Tables  II  and  III) 
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FIGURE  9.  Correlation  coefficients  for  numerical  scale  parameters. 

Significant  correlations  at  the  .05  level  occur  for  slope  and 
relief,  outcrop  frequency  and  slope,  and  outcrop  frequency 
and  sediment  size. 


Correlation  Coefficients 
(Linear) 
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Slope-Relief  Index 

Mean  slope  and  relief  values  were  calculated  for  all  parameter 
class  subpopulations  and  are  listed  on  Plate  I.  (A  parameter-class  sub¬ 
population  is  a  group  of  all  the  stations  which  exhibit  a  specific  pa¬ 
rameter-class  designation.)  The  mean  values  of  each  subpopulation  were 
plotted  on  a  graph  with  axes  of  slope  and  relief.  Most  subpopulations 
reflect  the  positive  correlation  between  slope  and  relief,  and  mean 
values  plotted  close  to  the  regression  curves  indicated  on  Figure  10. 
Subpopulation  means  were  compared  to  the  means  for  the  total  population 
of  lateral  slopes,  and  the  resulting  comparisons  were  the  basis  for  de¬ 
fining  the  slope-relief  index. 

Figure  10  illustrates  the  constraints  and  derivation  of  the  slope- 
relief  index.  Arbitrary  boundaries  for  designation  of  indices  were 
formulated  as  follows: 

1.  The  average  slope-relief  values  were  plotted  for  all  subpopula¬ 
tions  and  the  total  slope  population. 

2.  A  small  but  arbitrary  range  around  the  global  means  was  assigned 
to  designate  normal  slope-relief  indices.  The  small  range  was  chosen  to 
include  only  a  small  number  of  subpopulation  means. 

3.  Crude  regression  curves  were  drawn  based  upon  the  average  values 

for  the  total  slope  and  relief  ranges  of  discrete  groupings.  Two  curves 
resulted:  one  for  x/y  and  one  for  y/x.  It  is  assumed  that  mean  values 

for  subpopulations  which  plot  near  these  curves  indicate  the  positive 
correlation  between  slope  and  relief.  Therefore,  small  windows  were 
arbitrarily  assigned  using  the  regression  curves  as  boundaries  for 
extreme  values  and  the  normal  range  for  values  near  the  global  means. 
High  slope,  high  relief  designations  are  enclosed  to  the  right  of  the 
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FIGURE  10.  Correlation  graph  of  alope  and  relief.  See  text  for 
explanation  of  alope-rellef  index. 


SLOPE  (OEGREES) 
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normal  designation,  and  low  slope,  low  relief  designations  are  to  the 
left. 

4.  Subpopulations  which  have  mean  values  outside  the  correlation 
window  have  anomalous  influence  by  either  slope  or  relief.  Such  subpopu¬ 
lations  are  designated  as  low  slope,  high  slope,  low  relief  or  high 
relief. 

5.  Parameter  class  subpopulations  are  listed  in  Table  V  and  in 
Plate  II  according  to  their  assigned  slope-relief  indices.  The  index  is 
useful  in  determining  variation  of  both  slope  and  relief  in  relation  to 
a  third  parameter. 

Parameter  Sequence  by  Slope-relief  Means 

Slope  and  relief  means  for  subpopulations  offer  clues  as  to  the 
nature  of  parameter  grouping.  It  was  discovered  that  parameter- class 
subpopulations  which  make  up  a  single  parameter  often  plot  in  distinc¬ 
tive  trends  on  slope-relief  axes.  Shape  parameter  class  subpopulations 
plot  in  a  linear  sequence  which  represents  the  positive  correlation 
between  slope  and  relief.  The  mean  values  established  a  sequential 
order  for  the  shape  groupings.  This  order  ranges  from  low  slope,  low 
relief  to  high  slope,  high  relief,  and  groupings  are  listed  as  follows: 

SHAPE  PARAMETER  CUSSES 

sigmoidal  smooth  increasing  slope-relief 

step 

sigmoidal  rough 
complex 
abrupt  smooth 
abrupt  rough 
high  relief 


The  positive  correlation  of  slope  and  relief  is  well  reflected  in  group¬ 
ing  of  three  parameters:  shape,  top  province,  and  active  elements  of 


TABLE  V.  SLOPE-RELIEF  INDICES  FOR  PARAMETER  CLASSES 
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plat  e-tectonic  association.  On  the  the  other  hand,  certain  parameters 
have  ordered  parameter  classes  which  reflect  variation  with  slope  only. 
These  parameters  are  bottom  province,  passive  elements  of  plate-tectonic 
association,  and  outcrop  type.  Surface  -  sediment  size  has  obvious  se¬ 
quence  due  to  variation  with  relief  only.  Surface- sediment  type  group¬ 
ings  plot  well  with  normal  ranges  and  show  little  variation  with  slope 
and  relief.  In  summary,  the  basis  for  grouping  was  found  to  correlate 
with  five  arrangements  of  slope  and  relief: 

1.  both  slope  and  relief  In  a  positive  linear  trend 

2.  only  slope,  no  variation  with  relief 

3.  only  relief,  no  variation  with  slope 

4.  no  variation  with  slope  or  relief 

5.  random  variation  with  slope  and  relief. 

Table  VI  shows  sequence  of  selected  parameters. 

Variation  Matrix 

The  variation  matrix  (Plate  II)  illustrates  the  results  of  several 
studies  of  parameter- class  subpopulations.  It  shows  the  relationships 
that  each  subpopulation  has  with  all  other  data  parameters.  Relation¬ 
ships  are  defined  by  relative  and  absolute  associations. 

Relative  Associations 

When  a  subpopulation  and  the  global  population  have  equivalent  data 
distributions,  the  subpopulatlon  is  representative  of  the  global  popula¬ 
tion.  More  likely,  however,  the  distributions  will  be  different.  Figure 
11  illustrates  the  comparison  of  the  North  Atlantic  subpopulation  to  the 
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TABLE  VI.  PARAMETER  SEQIENCE  BY  SLOPE-RELIEF  MEANS 


Slope-rel  lef  Dependence 


TOP  PROVINCE 


SHAPE  ACTIVE  PLATE  ASSOCIATION 


IS, 

LR  Broad  Shel  f 
Ocean  Plateau 
No  Top  Class. 

ftarrow  Shelf 
US,  Island 


Sigmoidal  Smooth 
Step 

Sigmoidal  Rough 
Compl  ex 
Abrupt  Smooth 
Abrupt  Rough 
High  Rel lef 


Outer  Trench  Mel  I 
Remnant  Arc 

Active  Translation 
Backarc  Hal  I 

Forearc  Reg  Ion 


Slope  Dependence 


BOTTOM  PROVINCE 


OUTCROP  TYPE  PASSIVE  PLATE  ASSOCIATION 


LS  Rise 

No  Bottom  Class. 

Trench 

Trough 


Dl apl rs 
No  Outcrop 
Truncated  Sed. 
Acoustic  Bsm 
Cr ystal  1 1 ne  8k. 
Reef 


Passive  Translation 
Passive  Divergent 

Apparent  Passive 
Intra-ocean  1c 


LS  (low  slope),  LR  (low  relief),  HS  (high  slope),  fR  (high  relief) 
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global  population  for  top  and  bottom  province  parameters.  Obvious  dis¬ 
tribution  differences  are  that  North  Atlantic  slopes  have  higher  fre¬ 
quencies  of  broad  shelf,  rise,  arid  troughs,  and  lower  frequencies  of  the 
remaining  parameter  class  designations.  It  can  be  Inferred  that  the 
North  Atlantic  has  positive  associations  with  higher  frequency  parameter 
classes  and  negative  associations  with  those  of  lower  frequency. 

Based  upon  Inspection  of  distributions  of  all  parameter  class  sub¬ 
populations  as  compared  to  the  global  population,  an  arbitrary  variation 
scheme  was  devised  to  assure  a  standard  definition  of  positive  and  nega¬ 
tive  associations.  Where  the  frequency  of  a  subpopulatlon  designation 
exceeds  50%  of  the  same  designation  for  the  global  population,  the  sub¬ 
population  has  a  significant  positive  association  with  that  parameter 
class  designation.  For  example,  Figure  11  shows  that  the  broad  shelf 
designation  for  the  North  Atlantic  exceeds  50%  of  the  same  designation 
for  the  global  population.  (The  50%  limit  is  noted  by  line  A,  Figure 
11.)  Conversely,  where  the  percentage  Is  50%  less  than  the  global  fre¬ 
quency,  the  subpopulation  has  a  significant  negative  association  (see 
line  B,  Figure  11A).  A  neutral  association  falls  between  in  the  50-150% 
range.  In  summary,  North  Atlantic  slopes  have  positive  associations  with 
broad  shelves  and  rises,  negative  association  with  ocean  plateaus,  the 
no-top  classification,  and  trenches  and  neutral  associations  with  the 
remaining  parameter  class  designations.  Figure  1 IB  shows  the  format  for 
depicting  associations  on  Plate  II. 

Absolute  Associations 


Absolute  associations  are  a  measure  of  extreme  parameter- class 
percentages  within  a  subpopulation.  If  an  individual  parameter- c lass 
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FIGURE  11.  Comparison  of  North  Atlantic  elopes  with  global  slopes. 
Comparison  Is  shown  for  top  and  bottom  provinces. 

A.  Derivation  of  relative  and  absolute  associations. 

B.  Representation  of  associations  for  the  Variation 
Matrix  (Plate  II). 


0%  of  subpopulation 
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designation  represents  0%  or  greater  than  50%  of  the  total  subpopula- 
tlon,  the  occurrence  is  noted  on  Mate  II  by  0's  and  X's,  respectively. 
The  cut-off  percentages  enable  the  following  statements  to  be  made: 

1.  No  stations  o:  the  subp<>pulation  exhibit  a  certain  parameter 
class  designation. 

2.  The  majority  of  the  subpopulation  stations  exhibit  a  specific 
parameter-class  designation. 

On  Plate  II,  absolute  associations  refer  to  parameter- class  subpopula¬ 
tions  listed  on  the  B  axis. 

Supplemental  Information 

The  following  supplemental  information  is  shown  on  Plate  II  for 
each  parameter-class  subpopulation: 

1.  the  percent  of  the  total  lateral  slope  population  which  belongs 
to  each  subpopulation 

2.  a  percent  ratio  of  the  number  of  profiles/number  of  stations  to 
determine  how  representative  the  profile  data  base  is 

3.  the  slope-relief  index 

4.  the  difference  of  mean  slope  from  the  global  mean  of  3.8° 

5.  the  difference  of  mean  relief  from  the  global  mean  of  3.04  km 

6.  the  difference  of  mean  outcrop  percent  from  the  global  mean  of 
38%. 


Interpretation 

The  variation  matrix  enables  the  formulation  of  a  step-wise  evalua¬ 
tion  for  each  parameter-class  subpopulation.  Procedures  fo’*  each  evalua¬ 
tion  are  similar.  Each  subpopuJation  has  a  listing  of  positive,  n<  utral , 
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and  negative  associations  which  reveal  Its  relationships  with  other 
parameters.  The  listing  for  the  North  Atlantic  follows: 


Positive 

Neutral 

Negative 

broad  shelf 

narrow  shelf 

diapir ic 
outcrop 

ocean 

plateau 

rise 

trough 

Island 

no  top  class. 

active  translation 

all  surface 
sediment  types 

no  bottom 
class 

fore-arc 

region 

abrupt  rough 

back-arc 

remnant  arc 

lntra- 

oceanic 

step 

sigmoidal  rough 

sigmoidal 

smooth 

crystalline 

outcrop 

truncated  sed. 

abrupt  rough 

complex 

acoustic 

basement 

reef 

prograded 

trench 

(no  outcrop) 

Absolute  Associations 

X  0 

broad  shelf  none 

rise 

passive  divergent 

The  listing  provides  a  source  to  characterize  the  slopes  of  the  North 
Atlantic.  The  positive  associations  reveal  the  characteristics  which 
occur  more  frequently  in  the  North  Atlantic  than  in  the  world  as  a 
whole.  The  negative  associations  reveal  the  opposite.  Neutral  associa¬ 
tions  indicate  similarities  to  the  world  as  a  whole.  On  the  basis  of 
absolute  associations,  it  can  be  stated  that  the  majority  of  North 
Atlantic  slopes  have  broad  shelves,  rises  and  passive  divergent  tectonic 


association. 
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An  interpretation  of  the  North  Atlantic  association  is  offered. 
Top  provinces  are  dominated  by  broad  shelves.  Ocean  plateau  and  no  top 
classification  are  less  frequent  than  the  world  average.  Passive  diver¬ 
gent  and  active  translation  are  preferred  plate  tectonic  associat ions . 
Rises  dominate  as  the  bottom  province  largely  due  to  absence  of 
trenches.  All  surface  sediment  types  are  well  represented.  All  shapes 
are  represented  but  abrupt  rough  and  step  types  are  more  common  than  the 
world  average.  Preference  of  outcrop  type  is  for  truncated  sedimentary 
rocks  at  the  expense  of  crystalline  and  acoustic  basement.  Slope  angle, 
relief  and  outcrop  percent  are  all  similar  to  world  averages. 

The  North  Atlantic  shows  most  variation  for  boundary  provinces  and 
tectonic  association.  Conversely,  it  shows  conformity  to  global  averages 
for  surface  sediment  type,  slope  angle,  relief  and  outcrop  percent. 

North  Atlantic  associations  are  very  different  from  those  of  the 
South  Pacific  where  most  variation  is  caused  by  bottom  province,  surface 
sediment  type,  shape,  outcrop  type,  and  relief  (Plate  II).  The  South 
Pacific  conforms  to  global  averages  for  top  province  and  slope  angle. 

Much  interpretation  can  be  derived  from  the  variation  matrix,  and 
the  potentially  voluminous  outpourings  are  beyond  the  scope  of  this 
thesis.  The  matrix  is  offered  as  a  tool  for  defining  relationships. 

Natural  Slope  Groups 

The  concept  of  natural  groupirg  is  ambiguous.  Ideally,  an  Infinite 
amount  of  representative  data  which  are  accurately  weighted  are  analyzed 
in  a  multidimensional  fashion.  For  the  present  study,  available  data  are 
not  weighted,  and  analyses  are  restricted  to  two  or  three  dimensions. 
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Consequently,  the  attempt  at  natural  grouping  for  this  study  is  far  from 
complete . 

The  basis  for  natural  grouping  is  depiction  of  positive  associa¬ 
tions  derived  from  Plate  11.  The  method  is  to  plot  parameter- class 
designations  which  exhibit  significant  positive  associations  and  connect 
the  designations  to  all  other  designations  which  have  common  associa¬ 
tions.  Single  designations  were  plotted  only  once,  and  clustering  was 
obvious  by  arranging  the  position  of  the  designation  in  its  most  ordered 
position  in  relation  to  other  designations. 

Figure  12  shows  a  hypothetical  grouping  of  slopes.  Only  parameters 
1-6  and  8-10  (Tables  II  and  III)  were  used  because  other  parameters  have 
either  incomplete  or  poor  data  sets.  Plotted  parameter  classes  have  sim¬ 
ultaneous  occurrence  of  significant  positive  associations  and  positive 
absolute  associations.  Two  strengths  of  association  were  noted.  The 
stronger  occurs  when  two  or  more  parameter-class  subpopulations  share 
greater  than  50%  of  each  others'  stations  reciprocally.  This  relation¬ 
ship  is  the  basis  for  the  cores  of  each  natural  group  (Figure  12).  The 
weaker  relationship  occurs  when  one  subpopulation  shares  over  half  its 
stations  with  another,  but  the  sharing  is  not  reciprocal.  This  relation¬ 
ship  is  often  caused  by  the  disparity  of  the  subpopulation  sizes. 

Four  clusters  of  parameter  classes  are  obvious  on  Figure  12. 
Boundaries  between  the  clusters  take  the  form  of  single  high  population 
parameter  classes  which  overlap  two  clustered  groups.  Terrigenous 
sediment  is  the  overlap  between  Groups  I  and  II,  trench  for  groups  II 
and  IV,  and  no-top  classification  for  Groups  III  and  IV. 

Approximate  sizes  assigned  to  the  groups  (Figure  12)  were  derived 
from  frequencies  of  core  parameter  classes  from  the  global  distribution 
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FIGURE  12 


.  Natural  slope  groups  for  the  strongest  associations*  Groups 
are  based  upon  clustering  of  strongest  positive  associa¬ 
tions.  Parameter  class  designations  are  weighted  by  size  of 
subpopulations  and  strength  of  association.  Arrows  indicate 
direction  of  association.  Four  groups  are  indicated. 


GROUPS  FOR  THE  STRONGEST  ASSOCIATIONS 


(Tables  II  and  III).  Actual  size  of  each  group  is  unknown;  however,  It 
can  be  assumed  the  minimum  size  of  each  group  Is  at  least  half  the  aver¬ 
age  core  frequency,  a6  defined  b/  absolute  associations.  The  actual 
size  should  be  significantly  large'-,  depending  upon  the  criteria  used  to 
define  variation  among  the  groups. 

Group  I  centers  around  the  rise-  broad  shelf  -passive  divergent 
core,  and  terrigenous  surface  sediment  is  dominant.  Because  all  other 
associations  are  directed  toward  the  core  populations,  each  parameter 
class  represents  variation  which  is  not  necessarily  true  of  the  majority 
of  Group  I  stations.  The  majority  of  stations  for  sigmoidal  smooth, 
prograded  sediment,  truncated  sediment,  diapirs,  Arctic,  and  Antarctic 
are  contained  in  each  of  the  core  subpopulations.  Truncated  sediments 
are  associated  with  the  North  Atlantic,  whereas  diapirs  are  most  fre¬ 
quent  in  the  South  Atlantic.  Stations  with  low  slope  angles  are  most 
frequent  for  rise  stations,  and  passive  translation  stations  are  prefer¬ 
red  for  rise  and  broad  shelf.  The  Arctic  is  best  characterized  by  abrupt 
smooth  shape  and  prograded  sediments,  whereas  the  strongest  traits  of 
the  North  Atlantic  are  broad  shelves  and  passive  divergent  plate- 
tectonic  association. 

Group  II’s  core  consists  of  fore-arc  region-trench-deformed  sedi¬ 
mentary  rocks-island.  Terrigenous  sediment  dominates  for  all  core 
parameter  classes  except  island.  The  core  classes  have  slope-relief 
indices  in  the  high  relief  range.  High  relief  is  further  supported  by 
the  strong  association  of  the  greater  than  4000  m  stations  to  the  core 
parameter  classes.  Active  translation  occurs  as  a  variation  in  Group 
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Group  III  centers  around  the  intra-oceanic  -  ocean  plateau  cores 
which  are  associated  with  the  no-bottom  classification.  The  intra- 
oceanic  subpopulation  has  dominance  of  greater  than  50X  carbonate  sur¬ 
face  sediment,  and  most  ocean  plateaus  are  found  in  the  Indian  Ocean. 

Group  IV,  the  smallest  group,  clearly  focuses  on  the  outer  trench 
wall  which  has  dominance  of  pelagic  clay  sediment,  sigmoidal  rough 
shape,  a  no— top  classification,  a  trench  bottom,  and  a  North  Pacific 
location. 

The  natural  grouping  was  expanded  by  including  the  remaining  posi¬ 
tive  relative  associations  from  Plate  II.  Three  types  of  association 
are  considered  for  the  expanded  grouping.  The  stronger  two  were  used  to 
derive  Figure  12.  The  third  consists  of  all  the  weakest  positive  asso¬ 
ciations  which  greatly  outnumber  the  stronger  ones.  As  with  the  first 
grouping,  all  parameter-class  designations  were  plotted  with  lines  drawn 
to  represent  association.  Clustering  for  all  associations  is  more  com¬ 
plex  than  the  clustering  shown  on  Figure  12.  Consequently,  tie  lines 
were  generalized  and  arrows  were  omitted  for  depicting  the  grouping  on 
Figure  13. 

Four  similar  groups  are  apparent  on  Figure  13,  but  the  additional 
parameter  classes  add  a  great  deal  of  overlap.  Parameter  classes  listed 
in  a  group  have  associations  with  others  in  the  same  group  or  with  any 
of  the  overlap  designations  connected  to  the  group  by  tie  lines.  Overlap 
designations  have  associations  with  any  of  the  parameter  classes  con¬ 
nected  to  them  by  tie  lines.  Parameter-class  designations  listed  in  a 
group  have  the  greatest  preference  to  that  group,  and  overlap  designa¬ 
tions  are  preferred  to  any  number  of  groups. 
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FIGURE  13 


•  Natural  slope  groups  for  all  positive  associations*  Groups 
are  based  upon  all  positive  associations  indicated  on  Plate 
II*  Parameter  class  designations  are  weighted  by  strength 
of  association  and  size  of  subpopulations.  Designations 
listed  within  a  group  can  have  associations  with  others  In 
that  group  or  with  overlap  designations  tied  to  the  group  by 
arrows.  Overlap  designations  can  have  associations  with 
others  in  any  group  or  overlap  which  connects  with  arrows. 
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NATURAL  SIOPE  GROUPS  FOR  ALL  POSITIVE  ASSOCIATIONS 
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Although  It  is  not  obvious  in  Figure  13,  the  grouping  scheme 

exhibits  clustered  ranges  for  average  slope  angle,  relief  and  outcrop 
percent.  Figure  14  is  a  plot  of  all  mean  slope  and  relief  values  for 
subpopulations  of  parameter  classes  of  each  natural  group.  Designations 
were  weighted  as  to  size  of  population  and  strength  of  association. 

Clustering  of  values  Is  obvious  for  the  four  groups  and  no  overlap 

values  exist.  Values  of  the  strongest  associations  in  each  group  were 

extracted  from  Plate  I  and  listed  as  ranges  for  average  values  for  each 
group  on  Table  VII.  Sequence  of  groups  was  established  from  the  average 
values.  By  increasing  slope  angle,  sequence  is  Group  I,  Group  IV,  Group 
III  and  Group  II.  By  increasing  relief,  sequence  is  Group  IV,  Group  I, 
Group  III,  and  Group  II;  and  by  increasing  outcrop  percent,  it  is  Group 
IV,  Groups  I/III,  and  Group  II.  Group  II  has  consistently  higher  and 
further  removed  values  for  all  three  parameters.  The  other  groups  have 
more  similar  averages,  but  clustering  still  separates  them  into 
distinctive  groups.  No  obvious  clustering  was  noted  for  parameter 
classes  which  overlap  natural  groups. 
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FIGURE  14.  Slope-relief  see ns  for  natural  groups.  Average  slope  and 

relief  are  for  paraaeter  class  subpopulations  which  compose 
each  of  the  natural  groups  of  Figure  13.  Size  of  the  symbol 
indicates  the  strength  of  association  and  relative  size  of 
populations  involved.  Largest  symbols  Indicate  populations 
greater  than  20%  of  the  total.  Smallest  symbols  indicate 
populations  Which  are  less  than  9X  or  associations  which  are 
weak.  Groups  are  clustered  on  slope-relief  axes  with  no 
overlap.  The  clustering  Indicates  that  slope  and  relief 
play  a  strong  role  In  the  natural  grouping.  Average  values 
for  “core"  parameter  classes  are  listed  in  Table  VII.  Also 
listed  are  paraaeter  class  designations  which  correspond  to 
numbers  on  Figure  14. 
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TABLE  Vli.  NATURAL  GROUP  MEANS 

KEY  TO  PARAMETER  CLASSES  ON  FIG'KE  14,  AND  AVERAGE  VALUES  FOR  SLOPE,  RELIEF, 


AND  OUTCROP  *  FOR 

NATURAL  GROUPS 

GROUP  1 

GROUP  1  1 

GROUP  1 1  1 

GR0Uu  IV 

Parameter  Class 

Parameter  Class 

Parameter  Class 

Parameter  Class 

1  Rise 

1 

Forearc 

1 

Intra-ocean  lc 

1  Pelagic  clay 

2  Broad  Shelf 

2 

Def.  Sed.  Rk. 

2 

Ocean  Plateau 

2  Outer  Trench 

3  Passive  Dlv. 

3 

Trench 

3 

No-Bottom  Class 

Mai  1 

4  1-2*  Slope 

4 

1  s  1  a  nd 

4 

>50*  B logon lc 

5  > 1 000  m  sed . 

5 

>4000  m  Relief 

5 

Ind Ian 

Th  Ickness 

6  Passive  Trans, 

6 

Hlgh-Rel lef 

6 

Remnant  Arc 

Shapes 

7  Olaplr  Outcrop 

7 

Active  Trans. 

8  Antarctic 

8 

Silt 

9  Arctic 

9 

Narrow  Shel t 

10  Olaplr  Bsm. 

10 

4-8*  slope 

1 1  North  Atl antic 

1  1 

>3*  slope 

(ml  nus  Car  Ibbean) 

12  400-1000  m  Sed. 

Tn  Ickness 

Slope  2. 7-2.9* 

5. 3-5.4° 

3. 0-4.0* 

2.9-3. 6* 

Rel  1  ef  2.  5-2.  6  km 

4. 1-4. 5  km 

2. 5-3.1  km 

2.0  Km 

Outcrop*  27-33* 

50-64* 

26-4  5* 

18-27* 
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EVALUATION  OF  CONICAL  SLOPES 

For  this  study,  conical  slopes  are  the  sides  of  ocean  features  that 
resemble  circles  or  ellipses  in  map  view  and  have  a  maximum  top-of-slope 
dimension  of  less  than  100  km.  Approximately  25%  of  all  large-scale 
ocean  slopes  are  conical  slopes;  however,  they  are  poorly  studied  and 
only  a  brief  evaluation  is  offered  in  contrast  to  the  extensive  treat¬ 
ment  of  lateral  slopes.  In  order  to  establish  continuity  between  the 
two  studies,  discussion  of  conical  slopes  follows  a  similar  outline  as 
that  used  for  lateral  slopes. 

The  morphology  of  conical  slopes  was  evaluated  for  slope  angle, 
shape,  and  relief.  Slope  angles  exceed  4°  for  nearly  all  conical 
slopes,  as  determine.!  by  measuring  contour  spacings  of  representative 
seamounts  from  unpublished  NAVOCEANO  bathymetry  at  a  scale  of  1"=1° 
longitude.  Conical  slopes  are  much  steeper  than  lateral  slopes,  whir1- 
have  an  average  slope  of  3.8C.  The  steepness  is  reflected  in  the  high 
occurrence  of  abrupt  type  shapes  as  opposed  to  sigmoidal.  Roughness  was 
not  evaluated.  Average  relief  for  North  Pacific  and  North  Atlantic  con¬ 
ical  slopes  are  3412  m  and  2901  m,  respectively  (Bracey,  1981).  These 
values  are  remarkably  similar  to  lateral  slope  averages  of  3427  m  and 
2956  m  for  the  same  ocean  sections.  Consequently,  no  obvious  variation 
was  found  for  relief  of  conical  slopes. 

Definition  of  top  and  bottom  provinces  for  conical  slopes  is  fairly 
simple.  Top  provinces  are  analogous  to  the  no-top  classification  or  the 
island  parameter  classes.  Bottom  provinces  are  either  the  no- bottom 
classification,  trough,  or  rise. 


J 


77 


The  scarcity  of  terrigenous  input  greatly  influences  sedimentation 
on  conical  slopes.  By  definition,  the  top-of-slope  boundary  province 
for  conical  slopes  is  extremely  small  and  usually  submerged  so  that 
fluvial  or  glacial  input  is  negligible.  Hemipelagic  materials  may  occur 
on  conical  slopes,  but  sedimentation  rates  are  much  lower  than  for 
slopes  with  terrigenous  sediment.  Sediment  is  thin  and  mass  movement  of 
sedimentary  strata,  particularly  slumping,  is  present  on  a  much  dimin¬ 
ished  scale.  Modification  of  sediments  by  currents  dominates  on  conical 
slopes,  and  effects  are  scouring  of  slope  sediments  and  deposition  of 
base-of-slope  sediment  wedges  characterized  by  dunes  and  current  struc¬ 
tures  (Taylor  and  others,  1975).  Erosional  canyons  are  also  less  common 
on  conical  slopes.  Their  absence  can  be  attributed  to  lack  of  sediments; 
however,  slope  gullies  are  ubiquitous. 

Biogenic  sediments  are  significant  on  conical  slopes.  Pelagic 
carbonates  are  common  to  the  carbonate  compensation  depth  (CCD),  and 
pelagic  Foraminifera  and  nannopl ankton  dominate.  In  warm  waters,  carbo¬ 
nate  reefs  may  grow  in  shallow  depths  on  the  tops  of  subsiding  volcanoes 
(Menard,  1964).  The  shallow  water  carbonates  accumulate  at  the  base  of 
the  slopes,  in  erosional  channels  on  slopes,  or  behind  dam  structures. 
Shallow  water  spillover  carbonates  are  not  common  on  intra-slope  areas 
(Moore  and  others,  1976).  For  very  thick  carbonate  caps,  reef  material 
forms  the  basement  of  the  slope  for  depths  less  than  1400  m  (Menard, 
1964). 

In  the  absence  of  carbonate  sediments  due  to  depth  below  the  CCD  or 
geography,  various  other  types  of  sediment  are  possible.  Biogenic  silica 
may  be  significant  on  lower  slopes  in  equatorial  regions  (radiolaria) , 
or  in  high  latitudes  (diatoms)  (Lisitzin,  1972).  Amounts  of  hemipelagic 
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sediments  are  determined  by  proximity  to  terrigenous  sources  or  cur¬ 
rents*  If  hemipelagic  and  biogenic  sediments  are  absent,  then  sedimen¬ 
tation  is  likely  to  be  extremely  slow  or  absent,  and  red  clay  sediments 
may  be  present  as  thin  patchy  accumulations. 

For  the  most  part,  sediment  is  very  thin  on  conical  slopes.  Rarely 
should  thickness  approach  the  200  m  outcrop  depth  used  for  lateral  slope 
characterization.  Ponded  or  current  modified  sediments  might  reach  up  to 
600  m  (Taylor  and  others,  1975)  on  the  lower  flanks  or  behind  dams,  but 
such  occurrences  are  not  the  rule.  In  most  cases,  conical  slopes  exhibit 
basaltic  basement  outcrop  for  the  top  200  m  of  shallow  structure. 
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CONCLUSIONS 

Interpretation  of  Natural  Groups 

Conclusions  are  based  upon  natural  slope  groups  for  lateral  slopes 
(Figure  13)  and  analogous  information  concerning  conical  slopes. 

Group  I  slopes  are  continental  slopes  of  passive  rifted  margins. 
They  have  broad  shelves,  rises,  terrigenous  surface  sediments  and  com¬ 
plex  sedimentary  structure.  Morphology  is  characterized  by  smooth 
shapes,  a  low  average  relief  range  (2. 5-2. 6  km),  and  the  lowest  average 
slope  range  of  any  natural  group  (2. 7-2. 9°).  Most  outcrops  in  the  upper 
200  m  are  sedimentary,  and  an  average  range  of  27-37 %  of  the  slope  has 
outcrops.  Group  I  slopes  are  dominant  in  the  North  Atlantic  (excluding 
the  Caribbean),  the  Arctic,  and  the  Antarctic  Ocean  sections.  Only 

Group  III  slopes  have  ocean  section  preference  as  strong  as  those  cf 
Group  I . 

Group  II  slopes  include  the  remaining  continental  slopes  and  island 
arc  slopes.  The  only  major  link  to  Group  I  slopes  is  the  presence  of 
terrigenous  surface  sediments.  Morphologically,  the  slopes  have  the 

highest  averages  for  slope  angle  (5. 3-5. 4°)  and  relief  (4.  1-4.5  km). 
These  extreme  values  are  linked  to  plate  tectonic  association.  Subduc- 
tlon  related  slopes  have  highest  relief,  whereas  translation  related 
slopes  have  comparable  slope  angles  but  lower  average  relief  (3.1  km). 

The  tops  of  slopes  are  islands  and  narrow  shelves,  and  bottoms  are 

trenches.  Outcrop  types  are  deformed  sediments/sedimentary  rocks  and 
pinnacles  of  oceanic  basement.  Outcrop  percent  is  the  highest  of  all 
groups  at  50-64%.  Shapes  generally  exhibit  greatest  roughness  of  all 
groups,  and  a  variety  of  forms  are  possible. 
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Group  III  slopes  are  intra-oceanic  and  lack  terrigenous  sediments. 
Surface  sediments  are  >50%  carbonate,  and  outcrop  type  is  predominantly 
oceanic  basement.  Sediment  is  thinner  than  that  of  Group  I  slopes.  How¬ 
ever,  despite  thin  sediments,  outcrop  percent  is  low  (18-27%).  Group  III 
slopes  are  dominant  for  the  Indian  Ocean,  and  they  are  also  common  in 
the  Caribbean  and  South  Pacific.  They  have  many  similarities  to  Group  I 
slopes.  Relief  values  are  similar  (2.5-3. 1  km)  and  slope  angles  are 
slightly  higher  for  Group  III  slopes  (3. 0-4.0°).  The  steeper  slopes  are 
reflected  in  the  higher  occurrence  of  abrupt  type  shapes;  however, 
slopes  are  as  smooth  as  those  of  Group  I.  Reefs  are  present  on  both 
Group  III  and  Group  I  slopes  and  they  are  not  likely  for  other  groups. 

Group  IV  includes  a  small  percent  of  all  slopes.  The  slopes  are  a 
significant  exception  to  those  associated  with  active  plate-tectonic 
association  of  Group  II.  Group  JV  slopes  are  outer  trench  walls  which 
have  a  low  average  relief  (2.0  km),  a  moderate  slope  angle  range  (2.9- 
3.6°),  a  low  average  outcrop-percent  range  (18-27%),  acoustic  basement 
for  outcrop  type,  sigmoidal  rough  shape,  and  pelagic  clay  surface 
sed iment • 

Relationships  among  parameters  are  apparent  in  the  natural  group¬ 
ing.  Top  province,  bottom  province,  and  plate-tectonic  association  have 
the  strongest  affinity  for  each  other,  and  grouping  is  biased  for  these 
parameters.  Surface  sediment  type  clusters  best  with  ocean  sections 
(Plate  II),  and  it  contributes  to  grouping  in  ways  different  from  the 
other  three  parameters.  Although  cutcrop  type  best  infers  plate-tectonic 
association  (Plate  II),  it  is  ambiguous  in  the  natural  grouping.  Shapes 
cluster  poorly  with  all  parameters  and  have  little  influence  in  the 
grouping.  Similarly,  slope  angle  and  relief  have  little  influence  in 
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forming  natural  groups,  but  the  results  show  outstanding  clustering  of 
mean  values  for  parameters  composing  the  groups  (Figure  14). 

Conical  slopes  resemble  Group  III  slopes  for  top  province,  bottom 
province,  plate-tectonic  association,  surface  -  sediment  type,  outcrop 
type  and  shapes.  Both  conical  elopes  and  Group  III  slopes  are  oceanic 
features,  and  they  lack  terrigenous  sediment  sources.  The  major  dif¬ 
ference  is  that  conical  slopes  are  steeper. 

Methods  for  Characterizing  Specific  Aspects  of  Slopes 

The  natural  slope  grouping  is  necessarily  general,  and  it  may  be 
irrelevant  to  specific  needs  for  slope  classification.  Consequently, 
methods  were  developed  to  characterize  and  classify  specific  aspects  of 
slopes.  These  methods  were  drawn  from  the  various  data  and  the  data 
base. 

Plate  I  is  a  useful  tool  for  generating  classifications  based  upon 
two  parameters.  Matrices  are  illustrated  for  all  combinations  of  two 
parameters  and  corresponding  parameter  classes.  A  global  classification 
can  be  formed  by  noting  all  high  frequency  combinations  and  disregarding 
the  less  frequent  ones.  For  example,  80?  of  all  lateral  slopes  can  be 
characterized  by  the  following  parameter-class  combinations  for  top  and 
bottom  province: 

Broad  shelf-Rise  (23?)  No  Top  Class. -No  Bottom  Class  (7%) 

Ocean  plateau-No  Bottom  Class.  Island-No  Bottom  Class  (6%) 

Narrow  shelf-Rise  (8?)  Narrow  shelf-No  Bottom  Class  (6?) 


Island-Trench  (8?) 


Narrow  shelf-Trench  (6%) 
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Sixty  percent  of  the  possible  combinations  are  eliminated  because  they 
are  not  frequent.  To  apply  this  classification  to  global  occurrence, 
one  can  use  the  data  base  to  specify  locations  of  the  selected  groups, 
and  maps  can  be  compiled  to  show  the  distribution  of  the  classification 
scheme. 

Another  method  was  formulated  to  compare  and  characterise  subpopu- 
latlons  of  stations.  Plate  II  shews  relationships  among  parameters  and 
parameter  classes,  and  natural  groups  were  based  upon  these  relation¬ 
ships.  As  revealed  in  the  analysis  section,  the  matrix  enables  the 
formation  of  a  detailed  charac teriza tion  of  each  parameter  class  sub¬ 
population.  Comparisons  were  made  to  the  global  distribution  of  slopes. 

The  methods  used  for  the  variation  matrix  and  natural  grouping  can 
be  used  with  the  data  base  in  expanded  analyses.  For  example,  geogra¬ 
phic  areas  can  be  specified  as  subpopulations,  and  their  data  distribu¬ 
tions  can  be  retrieved  from  the  data  base.  The  resulting  subpopulations 
can  be  Incorporated  into  the  variation  matrix,  and  they  can  be  charac¬ 
terized  by  other  parameters  in  relation  to  the  global  distribution.  An 
alternative  is  to  establish  other  mean  population  distributions  and 


construct  a  variation  matrix  based  upon  them. 
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APPSNDIX  I 
Bibliographies 

Two  bibliographies  are  offered.  First  is  a  bibliography  for  general 
slope  topics  which  are  not  directed  toward  specific  geographic  areas. 
The  second  bibliography  presents  slope  studies  that  deal  with  specific 
locations.  Fourteen  ocean  quadrants  are  outlined  on  an  index  map,  and  a 
separate  bibliography  corresponds  to  each  quadrant. 


89 


TABLE  OF  CONTENTS 

Page 


General  Bibliography  90 

Index  to  Geographic  Bibliographies  93 

Geographic  Bibliographies  94 

Area  1  94 

Area  2  93 

Area  3  99 

Area  4  101 

Area  5  103 

Area  6  106 

Area  7  108 

Area  8  110 

Area  9  112 

Area  10  115 

Area  11  117 

Area  12  119 

Area  13  121 


Area  14 


124 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS -1963- A 


90 


GENERAL  BIBLIOGRAPHY 

Anonymous  (1981).  Hedberg  Reseaich  Conference  on  Continental  Margin 
Processes.  Unpublished  abstracts,  Galveston,  Texas,  710  p. 

Aud ley-Char les,  M. ,  J.  Curray,  anl  G.  Evans,  (  1977).  Location  of  Major 
Deltas.  Geology,  v.  5,  p.  341-344. 

Ben-Avrahan,  Z.,  A.  Jones,  and  A.  Cox  (1981).  Continental  Accretion: 
From  Oceanic  Plateaus  to  Allochthonous  Terranes.  Science,  v.  213,  p. 
47-54. 

Berger,  W.  and  E.  Winterer  (1974).  Plate  Stratigraphy  and  the  Fluctuat¬ 
ing  Carbonate  Line.  IN:  Pelagic  Sediments  on  Land  and  Under  the  Sea,  Hsu 
and  Jenkins,  eds.,  Int.  Assoc.  Sed.  Spec.,  Pub.  1,  Blackwell  Pub.,  p. 
11-48. 


Bott,  A.  (1971).  Evolution  of  Young  Continental  Margins  and  Formation  of 
Shelf  Basins.  Tectonophysics ,  v.  11,  p.  319-327. 

Bouma,  A.  (1979).  Continental  Slopes.  IN:  AGU  Geophysical  Monograph  19, 

p.  1-16. 


Bracey,  D.  (1981).  North  Atlantic  and  North  Pacific  Seamounts:  Morpho¬ 
logical  Characteristics  as  Factors  for  Designing  Effective  Survey  Detec¬ 
tion  Strategies.  Naval  Oceanographic  Office,  NSTL  Station,  Miss. 

Carlson,  R. ,  N.  Christensen,  and  R.  Moore  (  1980).  Anomalous  Structures 
in  Ocean  Basins:  Continental  Fragments  and  Oceanic  Plateaus.  Earth  and 
Planet.  Sci.  Letters,  51,  p.  17  1-180. 

Cook,  H.  (1979).  Ancient  Continental  Slope  Sequences  and  Their  Value  in 
Understanding  Modern  Slope  Development.  IN:  SEPM  Spec.  Pub.  27,  Doyle 
and  Pilkey,  eds.,  p.  287-305. 

Dickinson,  W.  and  R.  Seely  (1979).  Structure  and  Stratigraphy  of  Forearc 
Regions.  AAPG  Bull.,  v.  63,  n.  1,  p.  2-31. 

Dietz,  R. ,  (  1952).  Georaorphic  Evolution  of  Continental  Shelf  and  Slope. 
AAPG  Bull.,  v.  36,  n.  9,  p.  1802-1819. 

Dietz.  R.  (1964).  Origin  of  Continental  Slopes.  American  Scientist,  v. 
52,  p.  50-69. 

Emery,  K.  (1950).  A  Suggested  Origin  of  Continental  Slopes  and  of  Sub¬ 
marine  Canyons.  Geol.  Mag.,  v.  87,  p.  102-104. 

Emery,  K.  (1968).  Shallow  Structure  of  Continental  Shelves  and  Slopes. 
Southeastern  Geology,  v.  9,  p.  173-194. 

Emery,  K.  (1970).  Continental  Margins  of  the  World.  IN:  The  Geology  of 
the  East  Atlantic  Continental  Margin,  Delaney  ed.,  ICSU/SC0R  Symp  31., 
#70113,  p.  7-29. 


Emery,  K.  (1977).  Structure  and  Stratigraphy  of  Divergent  Continental 
Margins.  AAPG  Continuing  Education  Course  Note  Ser.  5,  Geology  of  Conti¬ 
nental  Margins,  p.  B1-B20. 

Emery,  K.  (1979).  Continental  Marglns-Classlflcatlon  and  Petroleum  Pros¬ 
pects.  AAPG  Bull.,  v.  64,  n.  3,  p.  297-315. 

Ewing,  M.,  G.  Carpenter,  C.  Windlsch,  and  J.  Ewing  (1973).  Sediment 
Distribution  in  the  Oceans:  The  Atlantic.  Geol.  Soc.  Am.  Bull.,  v.  84, 
p.  71-88. 

Hamilton,  E.  (1980).  Geoacoustic  Modeling  of  the  Sea  Floor.  J.  Acoust. 
Soc.  Amer.,  v.  68,  n.  5,  p.  1313-1340. 

Hill,  M.  ed .  (1963).  The  Sea,  The  Earth  Beneath  the  Sea.  History,  v.  3, 
Interscience  Publishers,  963  p. 

Horn,  D.,  M.  Delach,  and  B.  Horn  (1974).  Physical  Properties  of  Sedimen¬ 
tary  Provinces,  North  Pacific  and  North  Atlantic  Oceans.  IN:  Deep  Sea 
Sediments,  Physical  and  Mechanical  Properties,  A.  Inderbltzen,  ed.. 
Plenum  Press,  p.  417-441. 

Kelling,  G.  and  D.  Stanley  (1976).  Sedimentation  in  Canyon,  Slope  and 
Base  of  Slope  Environments.  IN:  Marine  Sediment  Transport  and  Environ¬ 
mental  Management.  Stanley  and  Swift,  eds.,  Wiley  and  Sons,  p.  379-435. 

Kort,  V.  G.  (1970).  Sedimentation  In  the  Pacific  Ocean.  Book  I,  Academy 
of  Sciences  of  the  USSR,  Moscow,  427  p.  (In  Russian) 

Kort,  V.  G.  (1970a).  Sedimentation  in  the  Pacific  Ocean.  Book  II,  Acad¬ 
emy  of  Sciences  of  the  USSR,  Moscow,  419  p.  (In  Russian) 

Lewis,  K.  (1974),  The  Continental  Terrace.  Earth  Science  Reviews,  v.  10, 
p.  37-71. 

Lisitsyn,  A.  (1971).  Conditions  of  Sedimentation  in  the  Atlantic  Ocean. 
Oceanological  Researches  No.  21,  Moskow,  299  p. 

Lisitsyn,  A.  (1972).  Sedimentation  In  the  World  Ocean.  SEPM  Spec.  Pub. 
No.  17,  218  p. 

Lisitsyn,  A.  (1975).  Sedimentation  in  the  Atlantic  Ocean.  Academy  of 
Sciences  of  the  USSR,  Soviet  Geophysical  Committee,  462  p. 

Lisitsyn,  A.  (1975).  Types  of  Bottom  Sediments  of  the  Atlantic  Ocean. 
Academy  of  Sciences  of  the  USSR,  Soviet  Geophysical  Committee,  579  p. 
(In  Russian) 

Lowe,  D.  (1979).  Sediment  Gravity  Flows:  Their  Classification  and  Some 
Problems  of  Application  to  Natural  Flows  and  Deposits.  IN:  SEPM  Spec. 
Pub.  27,  Doyle  and  Pilkey,  eds.,  p.  75-84. 


Mllllman,  J.  (1974).  Marine  Carbonates,  Part  I.  Springer-Verlag,  375  p. 


Morgenstern,  N.  (1967).  Submarine  Slumping  and  Che  Initiation  of 
Turbidity  Currents.  IN:  Marine  Ceotechnique,  Richards,  ed.,  U.  Illinois 
Press,  p.  189-220. 


Morris,  H.,  E.  Hamilton,  H.  Bucker,  and  R.  Bachman  (1978).  Interaction 
of  Sound  with  the  Ocean  Bottom:  A  Three  Year  Summary.  NOSC  Technical 
Report  #242. 

Nardln,  T. ,  F.  Hein,  D.  Gorsline,  and  B.  Edwards  (  1979).  A  Review  of 
Mass  Movement  Processes,  Sediment  and  Acoustic  Characteristics,  and  Con¬ 
trasts  in  Slope  and  Base  Floor  Systems.  SEPM  Spec.  Pub.  27,  Doyle  and 
Pilkey,  eds.,  p.  61-74 

Pierce,  J.  (1976).  Suspended  Sediment  Transport  at  the  Shelf  Break  and 
Over  the  Outer  Margin.  IN:  Marine  Sediment  Transport  and  Environmental 
Management,  Stanley  and  Swift,  eds.,  Wiley  and  Sons,  p.  437-458. 

Schlager,  W.  (1981).  The  Paradox  of  Drowned  Reefs  and  Carbonate  Plat¬ 
forms.  Geo.  Soc.  Am.  Bull.,  Part  1,  v.  92,  p.  197-211. 

Shepard,  F.  (1981).  Submarine  Canyons:  Multiple  Causes  and  Long-Time 
Persistence.  AAPG  Bull.,  v.  65,  n.  6,  p.  1062-1077. 

Snow,  E.  and  J.  Matthews  (1980).  A  Summary  of  Selected  Data:  DSDP  Legs 
1-19  and  20-44.  N0RDA  Report  25,  2  Volumes,  Naval  Ocean  Research  and 
Development  Activity,  NSTL  Station,  Miss. 

Southard,  J.  and  D.  Stanley  (1976).  Shelf  Break  Processes  and  Sedimenta¬ 
tion.  IN:  Marine  Sediment  Transport  and  Environmental  Management, 
Stanley  and  Swift,  eds.,  Wiley  and  Sons,  p.  351-377. 

Stanley,  D.  and  G.  Kelling  (1978).  Sedimentation  in  Submarine  Canyons, 
Fans  and  Trenches.  Stroudsburg,  Pa,  Dowden,  Hutchinson  and  Ross,  Inc., 
395  p. 

Stanley,  D.  (1969).  The  New  Concepts  of  Continental  Margin  Sedimenta¬ 
tion.  Application  to  the  Geological  Record,  AGI  Short  Course,  Washington 
D.C. 


Wilson,  J.  (1974).  Characteristics  of  Carbonate-Platform  Margins.  AAPG 
Bull.,  p.  810-824. 

Whitaker,  J.,  ed.  (1976).  Submarine  Canyons  and  Deep-Sea  Fans,  Modern 
and  Ancient.  Benchmark  Papers  in  Geology,  v.  24,  460  p. 


- 


94 


BIBLIOGRAPHY  OF  AREA  I 

Beh,  R.  (1975).  Evolution  and  Geology  of  Western  Baffin  Ba/  and  Davis 
Strait,  Canada.  IN:  Canada's  Continental  Margins  and  Offshore  Petroleum 
Exploration,  Yorath  and  others,  eds.,  p.  453-476. 

Grant,  A.  (1975).  Geophysical  Recults  from  the  Continental  Margin  Off 
Southern  Baffin  Island.  IN:  Canada's  Continental  Margins  and  Offshore 
Petroleum  Exploration,  Yorath  and  others,  eds.,  p.  411-431. 

Grants,  A.,  M.  Holmes,  and  B.  Kososki  (1975).  Geologic  Framework  of  the 
Alaskan  Continental  Terrace  in  the  Chukchi  and  Beaufort  Seas.  IN: 
Canada's  Continental  Margins  and  Offshore  Petroleum  Exploration,  Yorath 
and  others,  eds.,  p.  669-700. 

Hawkins,  T.  and  W.  Hatlelid  (1975).  The  Regional  Setting  of  Taglu  Field. 
IN:  Canada's  Continental  Margins  and  Offshore  Petroleum  Exploration, 
Yorath  and  others,  eds.,  p.  633-647. 

Johnson,  G.  (1975).  The  Jan  Mayen  Ridge.  IN:  Canada's  Continental  Mar¬ 
gins  and  Offshore  Petroleum  Exploration,  Yorath  and  others,  eds.,  p. 
225-233. 

Johnson,  G.,  N.  McMillan,  and  J.  Egloff  (1975a).  East  Greenland  Conti¬ 
nental  Margin.  IN:  Canada's  Continental  Margins  and  Offshore  Petroleum 
Exploration,  Yorath  and  others,  eds.,  p.  205-224. 

Johnson,  G.,  N.  McMillan,  M.  Rasmussen,  J.  Campsle,  and  F.  Dittmer 
(1975b).  Sedimentary  Rocks  Dredged  from  the  Southwest  Greenland  Conti¬ 
nental  Margin.  IN:  Canada's  Continental  Margins  and  Offshore  Petroleum 
Exploration,  Yorath  and  others,  eo's.,  p.  391-409. 

Nairn,  A.,  M.  Churckin,  and  F.  Stehli,  eds.  (1981).  The  Ocean  Basin  and 
Its  Margins,  v.  5,  The  Arctic  Ocean,  Plenum  Press,  p.  672. 

Ostenso,  N.  (1974).  Arctic  Ocean  Margins.  IN:  The  Geology  of  Continental 
Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  753-763. 

Renard,  V.  and  J.  Mascle  (1974).  Eastern  Atlantic  Continental  Margins: 
Various  Structural  and  Morphological  Types.  IN:  Geology  of  Continental 
Margins,  Burk  and  Drake,  eds.,  p.  285-291. 


95 


BIBLIOGRAPHY  OF  AREA  2 

Austin,  J.,  Jr.,  E.  Uchupi,  D.  Shaughnessy,  III,  and  R*  Ballard  (1980). 
Geology  of  New  England  Passive  Margin.  AAPG  Bull.,  v.  64,  n.  4,  p. 
501-546. 

Bally,  A.  (1976).  Canada's  Passive  Continental  Marglns-A  Review.  Marine 
Geophysical  Researches,  v.  2,  p.  327-340. 

Betzer,  P.,  P.  Richardson,  and  H.  Zimmerman  (1974).  Bottom  Currents, 
Nephelold  Layers  and  Sedimentary  Features  under  the  Gulf  Stream  near 
Cape  Hatteras.  Mar.  Geol.,  v.  16,  p.  21-29. 

Buffler,  R.,  J.  Watkins,  and  W.  Dillon  (1979).  Geology  of  the  Offshore 
Southeast  Georgia  Embayment,  U.  S.  Atlantic  Continental  Margin,  Based  on 
Multichannel  Seismic  Reflection  Profiles.  IN:  Geological  and  Geophysical 
Investigations  of  Continental  Margins,  Watkins  and  others,  eds.,  AAPG 
Memoir  29,  p.  11-25. 

Dillon,  W.,  C.  Pauli,  R.  Buffler,  and  J.  Fail  (1979).  Structure  and 
Development  of  the  Southeast  Georgia  Embayment  and  Northern  Blake 
Plateau,  Preliminary  Analysis.  IN:  Geological  and  Geophysical  Investiga¬ 
tions  of  Continental  Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29, 
p.  27-41. 

Doyle,  L.,  0.  Pilkey,  and  C.  Woo  (1979).  Sedimentation  on  the  Eastern 
United  States  Continental  Slope.  IN:  SEPM  Spec.  Pub.  27,  Doyle  and 
Pilkey  eds.,  p.  119-129. 

Egloff,  J.  and  L.  Johnson  (1979).  Erosional  and  Deposltional  Structures 
of  the  Southwest  Iceland  Insular  Margin:  Thirteen  Geophysical  Profiles. 
IN:  AAPG  Memoir  29,  Watkins  and  others,  eds.,  p.  43-63. 

Emery,  K.  and  E.  Uchupi  (1972).  Western  North  Atlantic  Ocean;  Topography 
Rocks,  Structure,  Water,  Life  and  Sediments.  AAPG  Memoir  17,  532  p. 

Fillion,  R.  (1976).  Hamilton  Bank,  Labrador  Shelf:  Postglacial  Sediment 
Dynamics  and  Paleo-Oceanography.  Mar.  Geol.  v.  20,  p.  7-25. 

Flood,  R.  and  C.  Hollister  (1974).  Current-Controlled  Topography  on  the 
Continental  Margin  off  the  Eastern  United  States.  IN:  The  Geology  of 
Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  197-205. 

Folger,  D.  and  others  (1979).  Evolution  of  the  Atlantic  Continental  Mar¬ 
gin  of  the  United  States.  IN:  Deep  Sea  Drilling  Results,  AGU,  Maurice 
Ewing  Series  3,  p.  87-108. 

Grow,  J.,  R.  Mattlck,  and  J.  Schlee  (1979).  Multichannel  Seismic  Depth 
Sections  and  Interval  Velocities  over  Outer  Continental  Shelf  and  Upper 
Continental  Slope  between  Cape  Hatteras  and  Cape  Cod,  Geological  and 
Geophysical.  IN:  Investigations  of  Continental  Margins,  Watkins  and 
others,  eds.,  AAPG  Memoir  29,  p.  65-83. 


Heezen,  B.  (1974).  Atlantic  Type  Continental  Margins.  IN:  The  Geology  of 
Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  13-24. 

Hooke,  R.  and  W.  Schlager  (1980).  Geomorphic  Evolution  of  the  Tongue  of 
the  Ocean  and  the  Providence  Channels.  Bahamas,  Mar.  Geol.  v.  35,  p. 
343-366. 

Horn,  D.,  M.  Ewing,  B.  Horn,  and  M.  Delach  (1970).  Turbidltes  of  the 
Hatteras  and  Sohm  Abyssal  Plains,  Western  North  Atlantic.  Mar.  Geol.,  v. 
11,  p.  287-323. 

Jansa,  L.  and  J.  Wade  (1975).  Paieogeography  and  Sedimentation  in  the 
Mesozoic  and  Cenozolc,  Southeastern  Canada.  IN:  Canada's  Continental 
Margins  and  Offshore  Petroleum  Exploration,  Yorath  and  others,  eds.,  p. 
79-102. 

Keen,  C.  and  M.  Keen  (1974).  The  Continental  Margins  of  Eastern  Canada 
and  Baffin  Bay.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake, 
eds.,  Springer-Verlag,  p.  381-389. 

Keller,  G.,  D.  Lambert,  and  R.  Bennett  (1979).  Geotechnical  Properties 
of  Continental  Slope  Deposits-Cape  Hatteras  to  Hydrographer  Canyon.  SEPM 
Spec.  Pub.  27,  Doyle  and  Pilkey,  eds.,  p.  131-151. 

Klitgord,  K.  and  J.  Behrendt  (1979).  Basin  Structure  of  the  U.S.  Atlan¬ 
tic  Margin,  Geological  and  Geophysical  Investigations  of  Continental 
Margins.  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  85-112. 

Knebel ,  H.  and  B.  Carson  (1979).  Small-Scale  Slump  Deposits,  Middle 
Atlantic  Continental  Slope,  Off  Eastern  United  States.  Mar.  Geol.  v.  29, 
p.  221-236. 

Macllvaine  and  D.  Ross  (1979).  Sedimentary  Processes  on  the  Continental 
Slope  of  New  England.  Jour.  Sedim.  Petrol,  v.  49,  n.  2,  p.  563-574. 

McGregor,  B.  (1979).  Variations  in  Bottom  Processes  along  the  U.S.  At¬ 
lantic  Continental  Margin.  IN:  Geological  and  Geophysical  Investigations 
of  Continental  Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p. 
139-149. 

McGregor,  B.  and  R.  Bennett  (1979).  Mass  Movement  of  Sediment  on  the 
Continental  Slope  and  Rise  Seaward  of  the  Baltimore  Canyon  Trough.  Mar. 
Geol.,  v.  33,  p.  163-174. 

McGregor,  B.  and  R.  Bennett  (1977).  Continental  Slope  Sediment  Instabil¬ 
ity  Northeast  of  Wilmington  Canyon.  AAPG  Bull.,  v.  61,  n.  6,  p.  918-928. 

Malahoff,  A.,  R.  Embley,  R.  Perry,  and  C.  Fefe  (1980).  Submarine  Mass- 
Wasting  of  Sediments  on  the  Continental  Slope  and  Upper  Rise  South  of 
Baltimore  Canyon.  Earth  and  Planet.  Sci.  Letters,  v.  49,  p.  1-7. 

Mayhew,  M.  (1974).  Geophysics  of  Atlantic  North  America.  IN:  The  Geology 
of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  402- 
427. 


97 


Mullins,  H.  and  A.  Neumann  (1979).  Geology  of  Che  Miami  Terrace  and  itt 
Paleo-oceanographic  Implications.  Mar.  Geol •  v.  30,  p.  205-232. 

Parsons,  M.  (1975).  The  Geology  of  the  Laurentian  Fan  and  Scotia  Rise, 
1975.  IN:  Canada's  Continental  Margins  and  Offshore  Petroleum  Explora¬ 
tion,  Yorath  and  others,  eds.,  p.  155-167. 

Pauli,  C.  and  W.  Dillon  (1980).  Erosional  Origin  of  the  Blake  Escarp¬ 
ment:  An  Alternative  Hypothesis.  Geology,  v.  8,  p.  538-542. 

Peter,  G.  and  G.  Westbrook  (1976).  Tectonics  of  Southwestern  North  At¬ 
lantic  and  Barbados  Ridge  Complex.  AAPG  Bull.,  v.  60,  n.  7,  p.  1078- 
1106. 

Rowe,  G.  and  R.  Haedrich  (1979).  The  Biota  and  Biological  Processes  of 
the  Continental  Slope.  IN:  SEPM  Spec.  Pub.  27,  Doyle  and  Pilkey,  eds., 
p.  49-59. 

Schlee,  J.,  W.  Dillon  and  J.  Grow  (1979).  Structure  of  the  Continental 
Slope  off  the  Eastern  United  States.  IN:  SERI  Spec.  Pub.  27,  Doyle  and 
Pilkey,  eds.,  p.  95-117. 

Schlees,  J.,  J.  Behrendt,  J.  Grow,  J.  Robb,  R.  Mattick,  P.  Taylor,  and 
B.  Lawson  (1976).  Regional  Geologic  Framework  off  Northeastern  United 
States.  AAPG  Bull.,  v.  60,  n.  6,  p.  926-951. 

Sheridan,  R.  (1974).  Atlantic  Continental  Margin  of  North  America.  IN: 
The  Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer- 
Ver lag ,  p.  391-407. 

Sheridan,  R.  and  P.  Enos  (1979),  Stratigraphic  Evolution  of  the  Blake 
Plateau  After  a  Decade  of  Scientific  Drilling.  IN:  Deep  Sea  Drilling 
Results,  AGU,  Maurice  Ewing  Series  3,  p.  109-122. 

Sheridan,  R. ,  C.  Windisch,  J.  Ewing,  and  P.  Stoffa  (1979).  Structure  and 
Stratigraphy  of  the  Blake  Escarpment  Based  on  Seismic  Reflection  Pro¬ 
files.  IN:  Geological  and  Geophysical  Investigations  of  Continental  Mar¬ 
gins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  177-186. 

Shipley,  T.,  R.  Buffler,  and  J.  Watkins  (1978).  Seismic  Stratigraphy  and 
Geologic  History  of  Blake  Plateau  and  Adjacent  Western  Atlantic  Conti¬ 
nental  Margin.  AAPG  Bull.,  v.  62,  n.  5,  p.  792-812. 

Stanley,  D.  (1974).  Pebbly  Mud  Transport  in  the  Head  of  Wilmington  Can¬ 
yon.  Mar.  Geol.  v.  16,  p.  M1-M8. 

Stanley,  D.  and  P.  Taylor  (1977).  Sediment  Transport  Down  a  Seamount 
Flank  by  a  Combined  Current  and  Gravity  Process.  Mar.  Geol.,  v.  23,  p. 
77-88. 

Stanley,  D.  and  M.  Wear  (1978).  The  "Mud-Line":  An  Erosion-Deposition 
Boundary  on  the  Upper  Continental  Slope.  Mar.  Geol.,  v.  28,  p.  M19-M29. 


98 


Stow,  D.  (1976).  Deep  Wat-ei  Sands  and  Silts  on  the  Nova  Scotian  Conti¬ 
nental  Margin.  Maritime  Sediments,  v.  12,  n.  3,  p.  81-90. 

Talwanl,  M.,  ed.,  (1974).  Underway  Geophysical  Data  in  the  North  Atlan¬ 
tic,  June  1961-Jan.  1971,  Parts  E  and  F,  Lamont-Doherty  Survey  of  the 
World  Ocean. 

Taylor,  P.,  D.  Stanley,  T.  Simkin,  and  W.  Jahn  (1975).  Gillies  Seamount: 
Detailed  Bathymetry  and  Modification  by  Bottom  Currents.  Mar.  Geol.,  v. 
19,  p.  139-157. 

Tucholke,  B.  and  G.  Mountain  (1979).  Seismic  Stratigraphy,  Llthostra- 
tigraphy  and  Paleosedimentation  Patterns  in  the  North  American  Basin. 
IN:  Deep  Drilling  Results  in  the  Atlantic  Ocean,  Talwani  and  others, 
eds.,  AGU,  p.  58-86. 

Uchupi,  E.  (1970).  Atlantic  Continental  Shelf  and  Slope  of  the  United 
States-Shallow  Structure.  USGS  Prof.  Pap.  529-1,  44  p. 

Uchupi,  E.  and  J.  Austin,  Jr.  (1978).  The  Stratigraphy  and  Structure  of 
the  Laurentian  Cone  Region.  Can.  J.  Earth  Sci.,  v.  16,  p.  1726-1752. 

Uchupi,  E.,  R.  Ballard,  and  J.  Ellis  (1977).  Continental  Slope  and  Upper 
Rise  off  Western  Nova  Scotia  and  Georges  Bank.  AAPG  Bull.,  v.  61,  n.  9, 
p.  1483-1492. 

Watts,  A.  and  M.  Steckler  (1979).  Subsidence  and  Eustacy  at  the  Conti¬ 
nental  Margin  of  Eastern  North  America.  IN:  Deep  Drilling  Results  in  the 
Atlantic  Ocean,  Talwani  and  others,  eds.,  AGU,  p.  218-234. 


BIBLIOGRAPHY  OF  AREA  3 


Alien,  G.,  P.  Castalng,  and  A.  Kllngebiel  (1971).  Prellainary  Investiga¬ 
tion  of  the  Surficlal  Sediments  in  the  Cap-Breton  Canyon  (Southwest 
France)  and  the  Surrounding  Continental  Shelf.  Mar.  Geol.,  v.  10,  p. 
M2 7 -M3 2. 

Bailey,  R  (1975).  The  Geology  of  the  Irish  Continental  Margin  and  Some 
Comparisons  with  Offshore  Eastern  Canada.  IN:  Canada's  Continental  Mar¬ 
gins  and  Offshore  Petroleum  Exploration,  Yorath  and  others,  eds . ,  p. 
313-340. 

Blundell,  D.  (1975).  The  Geology  of  the  Celtic  Sea  and  South  Western 
Approaches.  IN:  Canada's  Continental  Margins  and  Offshore  Petroleum 
Exploration,  Yorath  and  others,  eds.,  p.  341-362. 

Boillot,  G.,  P.  Dupeuble,  and  J.  Malod  (1979).  Subductlon  and  Tectonics 
on  the  Continental  Margin  Off  Northern  Spain.  Mar.  Geol.,  Pub.  No.  68, 
p.  53-68. 

Dingle,  R.  and  R.  Scrutton  (1979).  Sedimentary  Succession  and  Tectonic 
History  of  a  Marginal  Plateau  (Goban  Spur,  Southwest  of  Ireland).  Mar. 
Geol.,  v.  33,  p.  45-69. 

Eldholm,  0.,  E.  Sundvor,  and  A.  Myhre  (1978).  Continental  Margin  off 
Lofoten-Vesteralen  Northern  Norway.  Mar.  Geol.  Researches,  v.  4,  p.  3- 
35. 


Eldholm,  0.  and  M.  Talwani  (1977).  Sediment  Distribution  and  Structual 
Framework  of  the  Barents  Sea.  Geol.  Soc.  Amer.  Bull.,  v.  88,  p.  1015- 
1029. 

Eldholm,  0.  and  C.  Windisch  (1974).  Sediment  Distribution  in  the 
Norweigan-Greenland  Sea.  Geol.  Soc.  Amer.  Bull.,  v.  85,  p.  1661-1676. 

Featherstone,  P.,  M.  Bott,  and  J.  Peacock  (1977).  Structure  of  the 
Continental  Margin  of  Southeastern  Greenland.  Geophys .  Jour.  Roy.  Astr. 
Soc.,  v.  48,  p.  15-27. 

Hinz,  K.  and  H.  Schluter  (1978).  The  Geological  Structure  of  the  Western 
Barents  Sea.  Mar.  Geol.,  v.  26,  p.  199-230. 

Johnson,  G.  (1975).  The  Jan  Mayan  Ridge.  IN:  Canada's  Continental  Mar¬ 
gins  and  Offshore  Petroleum  Exploration,  Yorath  and  others,  eds.,  p. 
225-233. 

Lowrie,  A.,  J.,  Egloff,  and  W.  Jahn  (1978).  Kane  Seamount  in  the  Cape 
Verde  Basin,  Eastern  Atlantic.  Mar.  Geol.,  v.  26,  p.  M29-M35. 

Montadert,  L.  and  others  (1979).  Northeast  Atlantic  Passive  Continental 
Margins:  Rifting  and  Subsidence  Processes.  IN:  Deep  Sea  Drilling  Re¬ 
sults,  AGU  Maurice  Ewing  Series  3,  p.  154-186. 


100 


Montadert,  L. ,  E.  Winnock,  J.  Deltiel,  and  G.  Grau  (1974).  Continental 
Margins  of  Galicia-Portugal  and  Bay  of  Biscay.  IN:  The  Geology  of  Conti¬ 
nental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  323-342. 

Renard ,  V.  and  J.  Mascle  (1974).  Eastern  Atlantic  Continental  Margins: 
Various  Structural  and  Morphological  Types.  IN:  The  Geology  of  Continen¬ 
tal  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  285-291. 

Roberts,  D.  (1975).  Sediment  Distribution  on  the  Rockall  Bank,  Rockall 
Plateau.  Mar.  Geol.,  v.  19,  p.  239-257. 

Roberts,  D.  (1974).  Structural  Development  of  the  British  Isles,  The 
Continental  Margin,  and  the  Rockall  Plateau.  IN:  The  Geology  of  Conti¬ 
nental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  343-359. 

Scoffin,  T.,  E.  Alexandersson,  G.  Bowes,  J.  Clokie,  G  Farrow,  and  J. 
Milliman,  (1980).  Recent,  Temperate,  Sub-Photic,  Car  'ate  Sedimenta- 
dimentation:  Rockall  Bank,  Northeast  Atlantic.  Jour.  dim.  Petrology, 
v.  50,  p.  0331-0356. 

Stackelberg,  U.,  U.  Rad,  and  B.  >obel  (1979).  Asymme  :  Sedimentation 
Around  Great  Meteor  Seamount  (North  Atlantic).  Mar.  (  v.  33,  n.  1 

and  2,  p.  117-132. 

Sundvor,  E.  and  E.  Nysaether  (1975).  Geological  Outline  of  the  Norwegian 
Continental  Margin  between  60°  and  68°  North.  IN:  Canada's  Continental 
Margins  and  Offshore  Petroleum  Exploration,  Yorath  and  others,  eds.,  p. 
267-281. 

Talwani,  M.  and  0.  Eldholm  (1972).  Continental  Margin  Off  Norway:  A  Geo¬ 
physical  Study.  Geol.  Soc.  Amer.  Bull.,  v.  83,  p.  3575-3606. 

Talwani,  M.  and  0.  Eldholm  (1974).  Margins  of  the  Norwegian-Greenland 
Sea.  IN:  The  Geology  of  Continental  Margins.  Burk  and  Drake,  eds., 
Springer-Verlag,  p.  361-37;';. 

Uchupi,  E. ,  K.  Emery,  C.  Brown,  and  D.  Phillips  (1976).  Continental  Mar¬ 
gin  off  Western  Africa:  Senegal  to  Portugal.  AAPG  Bull.,  v.  60,  n.  5,  p. 
809-878. 


101 


BIBLIOGRAPHY  OF  AREA  4 

Almagor,  G.  (1978).  Geotechnical  Properties  of  the  Sediments  of  the 
Continental  Margin  of  Israel.  Journal  Sedimentary  Petrology,  v.  48,  n. 
4.  p.  1267-1274. 

Almagor,  G.  and  A.  Garfunkel  (1979).  Submarine  Slumping  in  Continental 
Margin  of  Israel  and  Northern  Sinai.  AAPG  Bull.,  v.  63,  n.  3,  p. 
324-340. 

Andrews,  J.  and  R.  Hurley  (1978).  Sedimentary  Processes  in  the  Formation 
of  a  Submarine  Canyon.  Mar.  Geol.,  v.  26,  p.  M47-M50. 

Bartolini,  C.,  C.  Gehin,  and  D.  Stanley  (1972).  Morphology  and  Recent 
Sediments  of  the  Western  Alboran  Basin  in  the  Mediterranean  Sea.  Mar. 
Geol.,  p.  163-188. 

Bellaiche,  G.  (1975).  Sur  L'Origine  et  L'Age  des  Levees  Sedimentaires 
Profondes:  Das  Du  Delta  Sous  Marin  Du  Rhone  (Mediterranee  Nord-Occiden- 
tale).  Mar.  Geol.,  v.  19,  p.  M1-M6. 

Biju-Duval,  B.,  J.  Letouzey,  and  L.  Montadert  (1979).  Variety  of  Margins 
and  Deep  Basins  in  the  Mediterraean .  IN:  Geological  and  Geophysical  In¬ 
vestigations  of  Continental  Margins,  Watkins  and  others,  eds.,  AAPG  Mem¬ 
oir  29,  p.  293-317. 

Biju-Duval,  B.  and  others  (1974).  Geology  of  the  Mediterranean  Sea 
Basins.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake,  eds-, 
Springer-  Verlag,  p.  669-682. 

Curzi,  P. ,  A.  Fabbri,  and  T.  Nan.ii  (  1980).  The  Messinian  Evaporitic 
Event  in  the  Sardinia  Basin  Area  (Tyrrhenian  Sea).  Mar.  Geol.,  v.  34,  p. 
157-170. 

Estocade,  G.  (1978).  Messinian  Subaerial  Erosion  of  the  Stoechades  and 
Saint  Tropez  Canyons-A  Submersible  Study.  Mar.  Geol.,  v.  27,  p.  247-269. 

Feldhausen,  P.  and  D.  Stanley  (1980).  Hellenic  Trench  Sedimentation:  An 
Approach  Using  Terrigenous  Distributions.  Mar.  Geol.,  v.  38,  p.  M21-M30. 

Got,  H.  and  D.  Stanley  (1974).  Sedimentation  in  Two  Catalonian  Canyons, 
Northwestern  Mediterranean.  Mar.  Geol.,  v.  16,  p.  M91-M100. 

Hesse,  R.,  U.  Rad,  and  R.  F^bricius  (1971).  Holocene  Sedimentation  in 
the  Strait  of  Otranto  Between  the  Adriatic  and  Ionian  Seas  (Mediterra¬ 
nean).  Mar.  Geol.,  v.  10,  p.  293-355. 

Maldonado,  A.  and  D.  Stanley  (1979).  Depositional  Patterns  and  Late 
Quaternary  Evolution  of  Two  Mediterranean  Submarine  Fans:  A  Comparison. 
Mar.  Geol.,  v.  31,  p.  215-250. 


102 


Malovltskly,  Y.,  E.  Emelyanov,  0.  Kazakov,  V.  Moskalenko,  C.  Oaipov,  K. 
Shlmkus,  and  I.  Chumakov  (1975).  Geological  Structure  of  the  Mediterra¬ 
nean  Sea  Floor  (Based  on  Geological-Geophysical  Data).  Mar.  Geol.,  v. 
18,  p.  231-261. 

Mauffret,  A.,  J.  Fail,  L.  Montadert,  J.  Sancho,  and  E.  Wir.nock  (1973). 
Northwestern  Mediterranean  Sedimentary  Basin  from  Seismic  Reflection 
Profile.  AAPG  Bull.,  v.  57,  n.  11,  p.  2245-2262. 

Nairn,  A.  and  F.  Stehli  (1977).  The  Ocean  Basins  and  Margins.  The 
Mediterranean  Sea,  v.  4  and  4  b,  Plenum  Press. 

Neev,  D.,  G.  Almagor,  A.  Arad,  A.  Ginzburg,  and  J.  Hall  (1976).  The 
Geology  of  the  Southeastern  Mediterranean  Sea.  Jerusalem,  Bull.,  n.  68, 
p.  1-57. 


Quellec,  P.,  J.  Mascle,  H.  Got,  and  J.  Vittori  (1980).  Seismic  Structure 
of  Southwestern  Pelopennesus  Continental  Margin.  AAPG  Bull.,  v.  64,  n. 
2,  p.  242-263. 

Ross,  D.  (1974).  The  Black  Sea.  IN:  The  Geology  of  Continental  Margins, 
Burk  and  Drake,  eds.,  Springer-Verlag,  p.  669-682. 

Ross,  D.  and  E.  Uchupi  (1977).  Structure  and  Sedimentary  History  of 
Southeastern  Mediterranean  Sea-Nile  Cone  Area.  AAPG  Bull.,  v.  61,  n.  6, 
p.  872-902. 

Ryan,  W.  (1978).  Messinian  Badlands  on  the  Southeastern  Margin  of  the 
Mediterranean  Sea.  Mar.  Geol.,  v.  27,  p.  349-363. 

Ryan,  W.  and  M.  Cita  (1978).  The  Nature  and  Distribution  of  Messinian 
Erosional  Surfaces,  Indicators  of  a  Several-Kilometer-Deep  Mediterranean 
in  the  Miocene.  Mar.  Geol.,  v.  27,  p.  193-230. 

Stanley,  D. ,  ed .  (1972).  The  Mediterranean  Sea,  A  Natural  Sedimentation 
Laboratory.  D.  H.  and  R.  Stroudsburg,  Pa.,  755  pp. 

Toma,  S.  and  M.  Salama  (1980).  Changes  in  Bottom  Topography  of  the  West¬ 
ern  Shelf  of  the  Nile  Delta  Since  1922.  Mar.  Geol.,  v.  36,  p.  325-339. 


103 


BIBLIOGRAPHY  OF  AREA  5 

Booth,  J.  (1979).  Recent  History  of  Mass-Wasting  on  the  Upper  Continen¬ 
tal  Slope,  Northern  Gulf  of  Mexico,  as  Interpreted  from  the  Consolida¬ 
tion  States  of  the  Sediment.  IN:  SEPM  Spec  Pub.  27,  Doyle  and  Pilkey 
eds.,  p.  153-164. 

Bouraa,  A.,  G.  Moore,  and  J.  Coleman  (1976).  Framework,  Facies,  and  011- 
Trapping  Characteristics  of  the  Upper  Continental  Margin.  AAPC  Study  No. 
7,  325  p. 

Buffler,  R.,  F.  Shaub,  J.  Watkins,  and  J.  Worzel  (1979).  Anatomy  of  the 
Mexican  Ridges,  Southwestern  Gulf  of  Mexico.  IN:  Geological  and  Geophys¬ 
ical  Investigations  of  Continental  Margins,  Watkins  and  others,  eds., 
AAPG  Memoir  29,  p.  319-327. 

Bunce,  E.  (1966).  The  Puerto  Rico  Trench.  IN:  G.S.  of  Canada  Paper  66- 
15,  p.  165-176, 

Bunce,  E.,  J.  Phillips,  and  R.  Chase  (1974).  Geophysical  Study  of  Antil¬ 
les  Outer  Ridge,  Puerto  Rico  Trench,  and  Northeast  Margin  of  Caribbean 
Sea.  AAPG  Bull.,  v.  58,  n.  1,  p.  106-123. 

Burne,  R.  (1974).  The  Deposition  of  Reef-Derived  Sediment  Upon  a  Bathyal 
Slope:  The  Deep  Off-Reef  Environment,  North  of  Discovery  Bay,  Jamaica. 
Mar.  Geol.,  v.  16,  p.  1-19. 

Case,  J.  (1974).  Major  Basins  A2ong  the  Continental  Margin  of  Northern 
South  America.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake, 
eds.,  Springer-Verlag.  p.  733-741. 

Case,  J.  and  T.  Holcombe  (1980).  Geologic-Tectonic  Map  of  the  Caribbean 
Region.  USGS  M.I.S.,  Map  1-1100. 

Dillon,  W.  and  J.  Vedder.  (1973).  Structure  and  Development  of  the  Con¬ 
tinental  Margin  of  British  Honduras.  Geol.  Soc.  Am.  Bull.,  v.  84,  p. 
2713-2732. 

Eva,  A.  (1980).  Petroleum  Potential  of  Jamaica:  A  Case  Study  of  Part  of 
an  Ancient  Island  Arc.  IN:  UN  ESCAP,  CC0P/S0PAC  Tech.  Bull.,  n.  3,  p. 
143-151. 

Fink,  L.  (1972).  Bathymetric  and  Geologic  Studies  of  the  Guadeloupe 
Region,  Lesser  Antilles  Island  Arc.  Mar.  Geol.,  v.  12,  p.  267-288. 

Garrison,  L.  and  R.  Martin  (1973).  Geologic  Structures  in  the  Gulf  of 
Mexico  Basin.  USGS  Prof.  Paper  773,  85  p. 

Holcombe,  T.  (1979).  Geomorphology  and  Subsurface  Geology  West  of  St. 
Croix,  U.S.  Virgin  Islands.  IN:  Geological  and  Geophysical 

Investigations  of  Continental  Margins,  Watkins  and  others,  eds.,  AAPG 
Memoir  29,  p.  353-362. 


T 


104 

Hurley,  R.  (1966).  Geological  Studies  of  the  West  Indies.  IN:  G.S.  of 
Canada  Paper  66-15,  p.  139-164. 

Krause,  D.  (1971).  Bathymetry,  Geomagnetism,  and  Tectonics  of  the 
Caribbean  Sea  North  of  Colombia.  Geol.  Soc.  Amer .  Memoir  130,  p.  35-54. 

L add,  J.,  J.  Worzel,  and  J.  Watkins  (1977).  Multifold  Seismic  Records 
from  the  Northern  Venezuela  Basin  and  the  North  Slope  of  the  Muertos 
Trench.  IN:  Island  Arcs,  Deep  Sea  Trenches,  and  Back-Arc  Basins,  Talvanl 
and  Pitman,  eds.,  American  Geophysical  Union,  Washington,  DC,  p.  41-56. 

Ladd,  J.  and  J.  Watkins  (1979).  Tectonic  Development  of  Trench-Arc 
Complexes  on  the  Northern  and  Southern  Margins  of  the  Venezuela  Basin. 
IN:  Geological  and  Geophysical  Investigations  of  the  Continental 

Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  363-371. 

Moore,  C. ,  E.  Graham,  and  L.  Land  (1976).  Sediment  Transport  and 
Dispersal  Across  the  Deep  Fore-Reef  and  Island  Slope,  Discovery  Bay. 
Jour.  Sedim.  Petr.,  v.  46,  n.  1,  p.  174-187. 

Moore,  G. ,  H.  Woodbury,  J.  Worzel,  J.  Watkins,  and  G.  Starke  (1979). 
Investigation  of  Mississippi  Fan,  Gulf  of  Mexico.  IN:  Geological  and 
Geophysical  Investigations  of  Continental  Margins,  Watkins  and  others, 
eds.,  AAPG  Memoir  29,  p.  383-402. 

Mullins,  H.  and  G.  Lynts  (1976).  Stratigraphy  and  Structure  of  Northeast 
Providence  Channel,  Bahamas.  AAPG  Bull.,  v.  60,  n.  7,  p.  1037-1053. 

Mullins,  H.  and  C.  Neumann  (1979).  Deep  Carbonate  Bank  Margin  Structure 
and  Sedimentation  in  the  Northern  Bahamas.  IN:  SEPM  Spec  Pub.  27,  Doyle 
and  Pilkey,  eds.,  p.  165-192. 

Nairn,  A.  and  F.  Stehli  (1977).  The  World  Ocean  Basins  and  Margins,  The 
Gulf  of  Mexico  and  Caribbean,  v.  3,  Plenum  Press. 

Schlager,  W.  and  A.  Chermak  (1979).  Sediment  Facies  of  the  Platform- 
Basin  Transition,  Tongue  of  the  Ocean,  Bahamas.  IN:  SEPM  Spec  Pub-  27, 
Doyle  and  Pilkey,  eds.,  p.  193-208. 

Shepard,  F.  (1979).  Submarine  Slopes  and  Canyons  on  North  Side  St.  Croix 
Island.  Mar.  Geol.,  v.  31,  p.  M69-M76. 

Shideler,  G.  (1977).  Late  Holocene  Sedimentary  Provinces,  South  Texas 
Outer  Continental  Shelf.  AAPG  Bull.,  v.  61,  n.  5,  p.  708-722. 

Shlh,  T.,  J.  Worzel,  and  J.  Watkins  (1977).  Northeastern  Extension  of 
Slgsbee  Scarp,  Gulf  of  Mexico.  AAPG  Bull.,  v.  61,  n.  11,  p.  1962-1978. 

Slgurdsson,  H.,  R.  Sparks,  S.  Carey,  and  T.  Huang  (1980).  Volcanogenic 
Sedimentation  in  the  Lesser  Antilles  Arc.  Jour.  Geol.,  v.  88,  p.  523- 
540. 


105 


Silver,  E.,  J.  Case,  and  H.  Macgillavry  (1975).  Geophysical  Study  of  the 
Venezuelan  Borderland.  Geol.  Sot .  Amer.  Bull.,  v.  86,  p.  213-226. 

Talvanl,  M.,  C.  Wlndlsch,  P.  Stoffa,  P.  Buhl,  and  R.  Houtz  (1977).  Mul¬ 
tichannel  Seismic  Study  In  the  Venezuelan  Basin  and  the  Curacao  Ridge. 
IN:  Island  Arcs,  Deep  Sea  Trenches  and  Back-Arc  Basins,  Talwanl  and 
Pitman,  eds.,  American  Geophysical  Union,  Washington,  DC,  p.  83-98. 

Uchupi,  E.  (1973).  Eastern  Yucatan  Continental  Margin  and  Western  Carib¬ 
bean  Tectonics.  AAPG  Bull.,  v.  57,  n.  6,  p.  1075-1085. 

Worzel,  J.  and  C.  Burk  (1979).  The  Margins  of  the  Gulf  of  Mexico.  IN: 
Geological  and  Geophysical  Investigations  of  Continental  Margins,  Wat¬ 
kins  and  others,  eds.,  AAPG  Memoir  29,  p.  402-419. 

Worzel,  J.  and  C.  Burk  (1978).  Margins  of  Gulf  of  Mexico.  AAPG  Bull.,  v. 
62,  n.  11,  p.  2290-2307. 


106 


BIBLIOGRAPHY  OF  AREA  6 

Birch,  G.  (1977).  Surficial  Sediments  on  the  Continental  Margin  off  the 
West  Coast  of  South  Africa.  Mar.  Ceol.,  v.  23,  p.  305-337. 

Deltell,  J.  and  others  (1974).  Continental  Margin  in  the  Northern  Part 
of  the  Gulf  of  Guinea.  IN:  The  Geology  of  Continental  Margins,  Burk  and 
Drake,  eds.,  Springer-Verlag,  p.  297-311. 

Dillon,  W.  (1974).  Structure  and  Devlopment  of  the  Southern  Moroccan 
Continental  Shelf.  Mar.  Geol.,  v.  16,  p.  121-143. 

Dingle,  R.  (1980).  Large  Allochthonous  Sediment  Masses  and  Their  Role  In 
the  Construction  of  the  Continental  Slope  and  Rise  off  Southwestern  Af¬ 
rica.  Mar.  Geol.,  v.  37,  p.  333-354. 

Driver,  E.  and  G.  Pardo  (1974).  Seismic  Traverse  Across  the  Gabon  Conti¬ 
nental  Margin.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake, 
eds.,  Springer-Verlag,  p.  293-295. 

DuPlessis,  A.,  R.  Scrutton,  A.  Barnaby,  and  E.  Simpson  (1972).  Shallow 
Structure  of  the  Continental  Margin  of  Southwestern  Africa.  Mar.  Geol., 
p.  78-89. 

Embley,  R.  and  J.  Morley  (1980).  Quaternary  Sedimentation  and  Paleo- 
envlronmental  Studies  off  Namibia  (Southwest  Africa).  Mar.  Geol.,  v.  36, 
p.  183-204. 

Emery,  K.,  E.  Uchupl ,  C.  Brown,  J.  Phillips,  and  S.  Simpson  (1975).  Con¬ 
tinental  Margin  off  Western  Africa:  Cape  St.  Francis  (South  Africa)  to 
Walvis  Ridge  (Southwest  Africa).  AAPG  Bull.,  v.  59,  n.  1,  p.  3-59. 

Emery,  K. ,  E.  Uchupi,  J.  Phillips,  C.  Bowin,  and  J.  Mascle  (1975).  Con¬ 
tinental  Margin  off  Western  Africa:  Angola  to  Sierra  Leone.  AAPG  Bull., 
v.  59,  n.  12,  p.  2209-2255. 

McMaster,  R. ,  E.  Chr istof ferson,  and  A.  Ashraf  (1975).  Structural  Frame¬ 
work  of  Continental  Shelf  and  Slope  off  Southwestern  Sierre  Leone,  West 
Africa.  AAPG  Bull.,  v.  59,  n.  11,  p.  2161-2171. 

Mascle,  J.,  B.  Bornhold,  and  V.  Renard  (1973).  Diapiric  Structures  off 
Niger  Delta.  AAPG  Bull.,  v.  57,  n.  9,  p.  1672-1678. 

Pautot,  G.,  V.  Renard,  J.  Daniel,  and  J.  DuPont  (1973).  Morphology, 
Limits,  Origin,  and  Age  of  Salt  Layer  along  South  Atlantic  African  Mar¬ 
gin.  AAPG  Bull.,  v.  57,  n.  9,  p.  1658-1671. 

Renard,  V.  and  J.  Mascle  (1974).  Eastern  Atlantic  Continental  Margins: 
Various  Structural  and  Morphological  Types.  IN:  The  Geology  of  Continen¬ 
tal  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag.  p.  285-291. 

Schlee,  J.,  J.  Be hr end t,  and  J.  Robb  (1974).  Shallow  Structure  and  Stra¬ 
tigraphy  of  Liberian  Continental  Margin.  AAPG  Bull.,  v.  58,  n.  4,  p. 
708-728. 


107 


Selbold,  E.  and  K.  Hlnz  (1974).  Continental  Slope  Construction  and 
Destruction,  West  Africa.  IN:  The  Geology  of  Continental  Margins,  Burk 
and  Drake,  eds.,  Springer-Verlag,  p.  179-196. 

Shepard,  F.  and  K.  Emery  (1973).  Congo  Submarine  Canyon  and  Fan  Valley. 
AAPG  Bull.,  v.  57,  n.  9,  p.  1679-1691. 

Summerhayes,  D.,  A.  Nutter,  and  J.  Tooms  (1971).  Geological  Structure 
and  Development  of  the  Continental  Margin  of  Northwest  Africa.  Mar. 
Geol.,  v.  11,  p.  1-25. 

Summerhayes,  D.,  B.  Bornhold,  and  R.  Embley  (1979).  Surfic.lal  Slides  and 
Slumps  on  the  Continental  Slope  and  Rise  of  South  West  Africa:  A  Recon¬ 
naissance  Study.  Mar.  Geol.,  v.  31,  p.  265-277. 

Uchupi,  E.,  K.  Emery,  C.  Bowin,  and  J.  Phillips  (1975).  The  Continental 
Margin  Off  Western  Africa,  Senegal  to  Portugal.  WH01  Tech  Report  75-43, 

162  p. 

Von  Rad,  U.  and  M.  Arthur  (1979).  Geodynamic  Sedimentary  and  Volcanic 
Evaluation  of  the  Cape  Bojador  Continental  Margin  (NW  Africa).  IN:  Deep 
Sea  Drilling  Results.  AGU,  Maurice  Ewing  Series  3,  p.  187-204. 

Von  Rad,  U.,  P.  Cepek,  U.  von  Stackelberg,  G.  Wissmann,  and  B.  Zoebel 
(1979).  Cretaceous  and  Tertiary  Sediments  from  the  Northwest  African 
Slope  (Dredges  and  Cores  Supplementing  DSDP  Results).  Mar.  Geol.,  v.  29, 
p.  273-312. 


108 


BIBLIOGRAPHY  OF  AREA  7 

Barker,  P.  and  D.  Griffiths  (1977.)*  The  Evolution  of  the  Scotia  Ridge 
and  Scotia  Sea.  Phil  Trans*  R*  Soc.  Lond*  A.  271,  p.  151-183. 

Campos,  C.,  F.  Ponte,  and  K.  Miura  (1974).  Geology  of  the  Brazilian  Con¬ 
tinental  Margin.  IN:  The  Geology  cf  Continental  Margins,  Burk  and  Drake, 
eds.,  Springer-Verlag,  p.  447-461. 

Cieslelski,  P.  and  S.  Wise,  Jr.  (1977).  Geologic  History  of  the  Maurice 
Ewing  Bank  of  the  Falkland  Plateau  (Southwest  Atlantic  Sector  of  the 
Southern  Ocean)  Based  on  Piston  and  Drill  Cores.  Mar.  Geol.,  v.  25,  p. 
175-207. 

Dalziel,  I.  (1974).  Evolution  of  the  Margins  of  the  Scotia  Sea.  IN:  The 
Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag, 
p.  567-579. 

Damuth,  J.  and  D.  Hayes  (1977).  Echo  Character  of  the  East  Brazilian 
Continental  Margin  and  Its  Relationship  to  Sedimentary  Processes.  Mar. 
Geol.,  v.  24,  p.  73-95. 

Damuth,  J.  (1975).  Echo  Character  of  the  Western  Equatorial  Atlantic 
Floor  and  its  Relationship  to  the  Dispersal  and  Distribution  of  Terrig¬ 
enous  Sediments.  Mar.  Geol.,  v.  18,  p.  17-45. 

Echols,  R.  (1971).  Distribution  of  Foraminifera  in  Sediments  of  the 
Scotian  Sea  Area,  Antarctic  Haters.  IN:  Antarctic  Oceanology  I,  Reid, 
ed . ,  p.  93-168. 

Fainstein,  R.  and  J.  Milliman  (1979).  Structure  and  Origin  of  Three  Con¬ 
tinental  Margin  Plateaus,  Northeastern  Brazil.  AAPG  Bull.,  v.  63,  n.  2, 
p.  218-238. 

Gibbs,  R.  (1973).  The  Bottom  Sediments  of  the  Amazon  Shelf  and  Tropical 
Atlantic  Ocean.  Mar.  Geol.,  v.  14,  p.  M39-M45. 

Heezen,  B.  and  L.  Johnson  (1965).  The  South  Sandwich  Trench.  Deep-Sea 
Research,  v.  12,  p.  185-197. 

Johnson,  D. ,  M.  Ledbetter,  and  L.  Burckle  (1977).  Verna  Channel  Paleo- 
Oceanography:  Pleistocene  Dissolution  Cycles  and  Episodic  Bottom  Water 
Flow.  Mar.  Geol.,  v.  23,  p.  1-33. 

Kowsmann,  R. ,  R.  Leyden,  and  0.  "'rancisconi  (1977  ).  Marine  Seismic  In¬ 
vestigations,  Southern  Brazil  Margin.  AAPG  Bull.,  v.  61,  n.  4,  p.  546- 
577. 

Kumar,  N.  (1978).  Sediment  Distribution  in  Western  Atlantic  Off  Northern 
Brazil-Structural  Controls  and  Evolution.  AAPG  Bull.,  v.  62,  n.  2,  p. 
273-294. 


Leyden,  R. ,  H.  Asmus,  S.  Zembruscki ,  and  G.  Bryan  (1976).  South  Atlantic 
Diapiric  Structures.  AAPG  Bull.,  v.  60,  n.  2,  p.  196-212. 


109 

Lonardl,  A.  and  M.  Ewing  (1971).  Sediment  Transport  in  the  Argentine 

Basin;  Sedimentary  Structure  of  the  Argentine  Margin,  Basin  and  Related 
Provinces.  IN:  Physics  and  Chemistry  of  the  Earth,  Ahrens  and  others, 
eds..  National  Bureau  of  Standards,  p.  125-249. 

Ludwig,  W.,  J.  Ewing,  C.  Windisch,  A.  Lonardl,  and  F.  Rios  (1979). 

Structure  of  Colorado  Basin  and  Continent-Ocean  Crust  Boundary  Off  Bahia 
Blanca,  Argentina.  IN:  Geological  and  Geophysical  Investigations  of  Con¬ 
tinental  Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  113-224. 

Ludwig,  W.,  C.  Windisch,  R.  Houtz,  and  J.  Ewing  (1979).  Structure  of 

Falkland  Plateau  and  Offshore  Tierra  del  Fuego,  Argentine.  IN:  Geologi¬ 
cal  and  Geophysical  Investigations  of  Continental  Margins,  Watkins  and 
others,  eds.,  AAPG  Memoir  29,  p.  125-137. 

Martins,  L.  and  P.  Coutinho  (1981).  The  Brazilian  Continental  Margin. 

Earth-Science  Reviews,  v.  17,  p.  87-107. 

Milliman,  J.  (1978).  Morphology  and  Structure  of  Upper  Continental  Mar¬ 
gin  Off  Southern  Brazil.  AAPG  Bull.,  v.  62,  n.  6,  p.  1029-1048. 

Milliman,  J.  (1979).  Morphology  and  Structure  of  Amazon  Upper  Continen¬ 
tal  Margin.  AAPG  Bull.,  v.  63,  n.  6,  p.  934-950. 

Urien,  C.  and  M.  Ewing  (1974).  Recent  Sediments  and  Environment  of  Sou¬ 
thern  Brazil,  Uruguay,  Buenos  Aires  and  Rio  Negro  Continental  Shelf. 

The  Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer- 
Verlag,  p.  157-177. 


no 


BIBLIOGRAPHY  OF  AREA  8 

Blschof f ,  J.  and  T.  Henyey  (1974).  Tectonic  Elements  of  the  Central  Part 
of  the  Gulf  of  California.  Geol.  Soc*  Amer.  Bull.,  v.  85,  p.  1893-1904. 

Doyle,  L.  and  D.  Gorsline  (1977).  Marine  Geology  of  Baja  California  Con¬ 
tinental  Borderland,  Mexico.  AAPG  Bull.,  v.  61,  n.  6,  p.  903-917. 

Fornari,  D. ,  A.  Malahoff,  and  B.  Heezen  (1979).  Visual  Observations  of 
the  Volcanic  Micromorphology  of  Tortuga,  Lorraine  and  Tutu  Seamounts; 
and  Petrology  and  Chemistry  of  Ridge  and  Seamount  Features  in  and  Around 
the  Panama  Basins.  Mar.  Geol.,  v.  31,  p.  1-30. 

Hayes,  D.  (1974).  Continental  Margin  of  Western  South  America.  IN:  The 
Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Spring-Verlag ,  p. 
581-590. 

Heezen,  B.  and  M.  Rawson  (1977).  Visual  Observations  of  Contemporary 
Current  Errosion  and  Tectonic  Deformation  of  the  Cocos  Ridge  Crest.  Mar. 
Geol.,  v.  23,  p.  173-196. 

Herron,  E.,  R.  Bruhn,  M.  Winslow,  and  L.  Chaqui  (1977).  Post  Miocene 
Tectonics  of  the  Margin  of  Southern  Chile.  IN:  Island  Arcs,  Deep  Sea 
Trenches  and  Back -Arc  Basins,  Talwani  and  Pittman,  eds.,  American 
Geophysical  Union,  Washington,  DC,  p.  273-284. 

Hussong,  D.  and  others  (1976).  Crustal  Structure  of  the  Peru-Chile 
Trench  8°12°  S.  Longitude.  IN:  AGU  Geophysical  Monograph  19,  p.  71-85. 

Karig,  D.  (1977).  Growth  Patterns  on  the  Upper  Trench  Slope.  IN:  Island 
Arcs,  Deep  Sea  Trenches  and  Back-Arc  Basins,  Talwani  and  Pittman,  eds., 
American  Geophysical  Union,  Washington,  DC,  p.  175-185. 

Karig,  D.,  R.  Cardwell,  G.  Moore,  and  D.  Moore  (1978).  Late  Cenozoic 
Subduction  and  Continental  Margin  Truncation  Along  the  Northern  Middle 
America  Trench.  Geol.  Soc.  Amer.  Bull.,  v.  89,  p.  265-276. 

Krissek,  L.,  K.  Scheidegger,  and  L.  Kulm  (1980).  Surface  Sediments  of 
the  Peru-Chile  Continental  Margin  and  the  Nazca  Plate.  Geol.  Soc.  Amer. 
Bull.,  Part  I,  v.  91,  p.  321-331. 

Kulm,  L.  W.  Schweller,  and  A.  Ma3ias  (1977).  A  Preliminary  Analysis  of 
the  Subduction  Processes  Along  the  Andean  Continental  Margin,  6#-45®  S. 
IN:  Island  Arcs,  Deep  Sea  Trenches  and  Back-Arc  Basins,  Talwani  and 
Pittman,  eds.,  AGU,  p.  285-301. 

Lonsdale,  P.  and  D.  Fornari  (1980).  Submarine  Geology  of  Malpelo  Ridge, 
Panama  Basin.  Mar.  Geol.,  v.  36,  p.  65-83. 

Moore,  D.  (1973).  Plate-Edge  Deformation  and  Crustal  Growth,  Gulf  of 
California  Structual  Province.  Geol.  Soc.  Amer.  Bull.,  v.  84,  p. 
1883-1906. 


Moore,  D.  (1972).  Reflection  Profiling  Studies  of  the  California  Conti¬ 
nental  Borderland:  Structure  and  Quaternary  Turbidite  Basins.  Geol.  Soc. 
Amer . ,  Special  Paper  107. 

Prince,  R.  and  others  (1980).  Bathymetry  of  the  Peru-Chile  Continental 
Margin  and  Trench.  G.S.A.M.C.  34. 

Scholl,  D.,  M.  Marlow,  and  A.  Cooper  (1977).  Sediment  Subduction  and 
Offscrapings  at  Pacific  Margins.  IN:  Island  Arcs,  Deep  Sea  Trenches  and 
Back-Arc  Basins,  Talwani  and  Pittman,  eds.,  American  Geophysical  Union, 
Washington,  DC,  p.  199-209. 

Schweller,  W.  and  L.  Kulm  (1978).  Extensional  Rupture  of  Oceanic  Crust 
in  the  Chile  Trench.  Mar.  Geol.,  v.  28,  p.  271-291. 

Seely,  D.  (1979).  The  Evolution  of  Structural  Highs  Bordering  Forearc 
Basins.  IN:  Geological  and  Geophysical  Investigations  of  Continental 
Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  245-260. 

Seely,  D.,  P.  Vail,  and  G.  Walton  (1974).  Trench  Slope  Model.  IN:  The 
Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Spr inger-Verlag , 
p.  249-590. 

Shepard,  F.,  N.  Marshall,  P.  McLoughlin,  and  R.  Fisher  (1976).  Sediment 
Waves  (Giant  Ripples)  Transverse  to  the  West  Coast  of  Mexico.  Mar. 
Geol.,  v.  20,  p.  1-6. 

Shipley,  T.,  K.  McMillen,  J.  Watkins,  J.  Moore,  J.  Sand  ova l-Oc hoa ,  and 
J.  Worzel  (1980).  Continental  Margin  and  Lower  Slope  Structures  of  the 
Middle  America  Trench  Near  Acapulco  (Mexico).  Mar.  Geol.,  v.  35,  p.  65- 
82. 

Taylor,  P.  (1978).  Henderson  Seamount  Geological  Data.  NORDA  ’.'ech.  Note 
18,  Naval  Ocean  Research  and  Development  Activity,  NSTL  Station,  Miss., 

22  p. 

Taylor,  P. ,  C.  Wood,  and  T.  0’hearn  (1980).  Morphological  Investigations 
of  Submarine  Volcanism:  Henderson  Seamount  Geology,  v.  8,  p.  390-395. 

Theyer,  F.  (1971).  Size  Depth  Variation  in  Cyclammlna  cancellata  Brady, 
Peru-Chile  Trench  Area.  IN:  Antarctic  Oceanology  TI  Reid,  ed • ,  p.  309- 
313. 

Van  Andel,  T.  (1973).  Texture  and  Dispersal  of  Sediments  in  the  Panama 
Basin.  J.  Geol.,  v.  81,  p.  434-457. 

Van  Andel,  T.  and  G.  Shorr  (1964).  Marine  Geology  of  the  Gulf  of  Cali¬ 
fornia.  AAPG  Memoir  3,  408  p. 

Von  Huene,  R.  and  J.  Aubouin  (1980).  Leg  67:  The  Deep  Sea  Drilling  Proj¬ 
ect  Mid-America  Trench  Transect  Off  Guatemala.  Geol.  Soc.  Amer.  Bull., 
Part  I,  v.  91,  p.  421-432. 


112 


T 


BIBLIOGRAPHY  OF  AREA  9 

Barnard,  W.  (1978).  The  Washington  Continental  Slope:  Quaternary  Tecton¬ 
ics  and  Sedimentation.  Mar.  Geol..  v.  27,  p.  79-114. 

Barr,  S.  (1974).  Seamount  Chains  Formed  Near  the  Crest  of  Juan  De  Fuca 
Ridge,  Northeast  Pacific  Ocean.  Mar.  Geol.,  v.  17,  p.  1-19. 

Blake,  M.,  R.  Campbell,  T.  Dlbblee,  E.  Howell,  T.  Nllsen,  W.  Normark,  J. 
Vedder,  and  E.  Sliver  (1978).  Neogene  Basin  Formation  In  Relation  to 
Plate-Tectonic  Evolution  of  San  Andreas  Fault  System,  California.  AAPG 
Bull.,  v.  62,  n.  3,  p.  344-372. 

Buffington,  E.  (1973).  The  Aleut ian-Kamchatka  Trench  Convergence.  USC 
Dissertation,  233  p. 

Carson,  B.  (1977).  Tectonically  Induced  Deformation  of  Deep-Sea  Sedi¬ 
ments  Off  Washington  and  Northern  Oregon:  Mechanical  Consolidation. 
Mar.  Geol.,  v.  24,  p.  289-307. 

Chase,  R. ,  D.  Tiffin,  and  J.  Murray  (1975).  The  Western  Canadian  Conti¬ 
nental  Margin.  IN:  Canada's  Continental  Margins  and  Offshore  Petroleum 
Exploration,  Yorath  and  others,  eds.,  p.  701-721. 

Cooper,  A.,  M.  Marlow,  and  D.  Scholl  (1977).  The  Bering  Sea-A  Multifari¬ 
ous  Marginal  Basins.  IN:  Geological  and  Geophysical  Investigations  of 
Continental  Margins.  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  437- 
450. 

Curray,  J.  Structure  of  the  Continental  Margin  off  Central  California. 
Section  of  Geological  Sciences,  p.  794-801. 

Douglas,  R.  and  S.  Clarke  (1979).  Slope  and  Basin  Benthic  Foramlnifera 
of  the  California  Borderland.  IN:  SEPM  Spec  Pub.  27,  Doyle  and  Pilkey, 
eds.,  p.  231-246. 

Field,  M.  and  S.  Clarke  (1979).  Small-Scale  Slumps  and  Slides  and  their 
Significance  for  Basin  Slope  Processes,  Southern  California  Borderland. 
IN:  SEPM  Spec  Pub.  27,  Doyle  and  Pilkey,  eds.,  p.  223-230. 

Gardner,  J.,  W.  Dean,  and  T.  Vallier  (1980).  Sedimentology  and  Geochem¬ 
istry  of  Surface  Sediments,  Outer  Continental  Shelf,  Southern  Bering 
Sea,  Mar.  Geol.,  v.  35,  p.  229-339. 

Grow,  J.  (1973).  Crustal  and  Upper  Mantle  Structure  of  the  Central  Aleu¬ 
tian  Arc.  Geol.  Soc.  Amer.  Bull.,  v.  84,  p.  2169-2192. 

Haner,  B.  and  D.  Forsline  (1978).  Processes  and  Morphology  of  Continen¬ 
tal  Slope  Between  Santa  Monica  anu  Dume  Submarine  Canyons,  Southern  Cal¬ 
ifornia.  Mar.  Geol.,  v.  28,  p.  77-87. 

Karlin,  R.  (1980).  Sediment  Sources  and  Clay  Mineral  Distributions  off 
the  Oregon  Coast.  J.  Sedim.  Petr.,  v.  50,  n.  2,  p.  0543-0560. 


113 


Kulm,  L. ,  and  G.  Fowler  (1974).  Oregon  Continental  Margin  Structure  and 
Stratigraphy  of  Imbricate  Thrust  Model.  IN:  The  Geology  of  Continental 
Margins,  Burk  and  Drake,  eds.,  Spr inger-Verlag ,  p.  261-283. 

Kulm,  L.  and  K.  Scheldegger  (1979).  Quaternary  Sedimentation  on  the  Tec¬ 
tonically  Active  Oregon  Continental  Slope.  IN:  SERI  Spec*  Pub.  27,  Doyle 
and  Pilkey,  eds.,  p.  247-263. 

Ludwig,  W.  (1974).  Structure  of  the  Bering  Sea  Basins.  IN:The  Geology  of 
Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  661-668. 

Marlow,  M.,  D.  Scholl,  and  A.  Cooper  (1977).  St.  George  Basin,  Bering 
Sea  Shelf:  A  Collapsed  Mesozoic  Margin.  IN  Island  Arcs,  Deep  Sea  Tren¬ 
ches  and  Back-Arc  Basins,  Talwani  and  Pitman,  eds.,  American  Geophysi¬ 
cal  Union,  Washington,  DC,  p.  211-220. 

Moore,  G.  and  D.  Karig  (1976).  Development  of  Sedimentary  Basins  on  the 
Lower  Trench  Slope.  Geol •  v.  4,  p.  693-697. 

Nardin,  T.,  B.  Edwards  and  D.  Gnrsline  (1979).  Santa  Cruz  Basin,  Cali¬ 
fornia  Borderland:  Dominance  of  Slope  Processes  in  Basin  Sedimentation. 
IN:  SEPM  Spec  Pub.  27,  Doyle  and  Pilkey,  eds.,  p.  209-221. 

Nelson,  H.  (1976).  Late  Pleistocene  and  Holocene  Deposltlonal  Trends, 
Processes,  and  History  of  Astoria  Deep-Sea  Fan,  Northeast  Pacific.  Mar. 
Geol. ,  v.  20,  p.  129-173. 

Rabinovitz,  P.  and  A.  Cooper  (1977).  Structure  and  Sediment  Distribution 
in  the  Western  Bering  Sea.  Mar.  Geol.,  v.  24,  p.  309-320. 

Scholl,  D. ,  E.  Buffington,  and  D.  Hopkins  (1968).  Geologic  History  of 
the  Continental  Margin  of  North  America  in  the  Bering  Sea.  Mar.  Geol., 
v.  6,  p.  297-330. 

Scholl,  D. ,  M.  Marlow,  and  A.  Cooper  (1977  ).  Sediment  Subduction  and 
Off scrapings  at  Pacific  Margins.  IN:  Island  Arcs,  Deep  Sea  Trenches  arvi 
Back-Arc  Basins,  Talwani  and  Pittman,  eds.,  American  Geophysical  Union, 
Washington,  DC,  p.  199-209. 

Scholl,  D.,  M.  Marlow,  and  E.  Buffington  (1975).  Summit  Basins  of  Aleu¬ 
tian  Ridge,  North  Pacific.  AAPG  Bull*,  v.  59,  n.  5,  p.  799-816. 

Seely,  D.  (1979).  The  Evolution  of  Structural  High6  Bordering  Major 
Forearc  Basins.  IN:  Geological  and  Geophysical  Investigation  of  Conti¬ 
nental  Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  245-260. 

Seely,  D.  (1977).  The  Significance  of  Landward  Verger.ee  and  Oblique 
Structural  Trends  on  Trench  Inner  Slopes.  IN:  Island  Arcs,  Deep  Sea 
Trenches  and  Back-Arc  Basins,  Talwani  and  Pittman,  eds.,  American 
Geophysical  Union,  Washington,  DC,  p.  187-198. 

Seely,  D.,  P.  Vail,  and  G.  Walton  (1974),  Trench  Slope  Model.  IN:  The 
Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag, 
p.  249-260. 


114 


Sliver,  E.  (1971).  Transitional  Tectonics  and  Late  Cenozoic  Structure  of 
the  Continental  Margin  off  Northernmost  California.  Geol.  Soc.  Amer. 
Bu 11.,  v .  82 ,  p .  1 -2 2 . 

Van  Andel,  T.  and  G.  Shor,  eds.  (1964).  Marine  Geology  of  the  Gulf  of 
California.  AAPG  Mem.  3,  408p. 

Von  Huene,  R.  (1972).  Structure  of  the  Continental  Margin  and  Tectonlsm 
at  the  Eastern  Aleutian  Trench.  Geol.  Soc.  Amer.  Bull.,  v.  83,  p.  3613- 
3626. 

Von  Huene,  R.,  G.  Shor,  and  J.  Wageman  (1979).  Continental  Margins  of 
the  East  rn  Gulf  of  Alaska  and  Boundaries  of  Tectonic  Plates.  IN:  Geo¬ 
logical  and  Geophysical  Investigations  of  Continental  Margins,  Watkins 
and  others,  eds.,  AAPG  Memoir  29,  p.  273-290. 

Von  Huene,  R.  (1979).  Structure  of  the  Outer  Convergent  Margin  off 
Kodiak  Islanl,  Alaska,  from  Multichannel  Seismic  Records.  IN:  Geological 
and  Geophysical  Investigations  of  Continental  Margins,  Watkins  and 
others,  eds.,  AAPG  Memoir  29,  p.  261-272. 


115 


BIBLIOGRAPHY  OF  AREA  10 

Buffington,  E.  (1973).  The  Aleut ian-Kamchatka  Trench  Convergence.  USC 
PhD  Dissertation,  233p. 

Gnibidenko,  H.  (1979).  The  Tectonics  of  the  Japan  Sea.  Mar.  Geol .  ,  v. 

32,  p.  71-87. 

Greene,  H. ,  G.  Dalrymple,  and  D.  Clague  (1978).  Evidence  for  Northward 
Movement  of  the  Emperor  Seamounts.  Ceology,  v.  6,  p.  70-74. 

Herman,  B.,  R.  Anderson,  and  M.  Truchan  (1979).  Extensions'  Tectonics  in 
the  Okinawa  Trough.  IN:  Geological  and  Geophysical  Investigations  of 
Continental  Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p. 

199-207. 

Hilde,  T.  ,  J.  Wageman,  and  W.  Hammond  (1969).  The  Structure  of  Tosa  Ter¬ 
race  and  Nankai  Trough  Off  Southeastern  Japan.  Deep-Sea  Research,  v.  16, 
p.  67-75. 

Jacobi,  R.  and  C.  Mrozowski  (1979).  Sediment  Slides  and  Sediment  Waves 
In  the  Bonin  Trough,  Western  Pacific.  Mar.  Geol.,  v.  29,  p.  M1-M9. 

Lee,  C.,  G.  Shor,  L.  Bibee,  R.  Lu,  and  T.  Hilde  (1980).  Okinawa  Trough: 

Origin  of  a  Back-Arc  Basin.  Mar.  Geol.,  v.  35,  p.  219-241. 

Lisitsyn,  N.  and  0.  IJvoretzkaya  (1972).  Lithologic  Profiles  Northwest 
Pacific  Ocean.  Litolyiya  Polezaiye  Islkoraemiye ,  p.  3-25  (In  Russian). 

Ludwig,  W.,  J.  Ewing,  M.  Ewing,  S.  Murauchi,  N.  Den,  S.  Asano,  H.  Hotta, 
M.  Hayakawa,  T.  Asanuma,  K.  Ichikawa,  and  I.  Noguchi  (1966).  Sediments 
and  Structure  of  the  Japan  Trench.  J.  Geophysical  Research,  v.  71,  n.  8, 

p.  2121. 

Ludwig,  W.,  S.  Murauchi,  and  R.  Houtz  (1975).  Sediments  and  Structure  of 

the  Japan  Sea.  Geol.  Soc.  Amer.  Bull.,  v.  86,  p.  651-664. 

Minayev,  Y.  and  A.  Suvorov  (1974).  Structure  of  Sediment  Cover  in  the 
Kur il-Japanese  Trench  Based  on  Soismic  Data.  Geol.  Geofiz.  v.  2,  p.  113- 
117,  (In  Russian). 

Mizuno,  Q.,  Y.  Okuda,  S.  Niagumo,  H.  Kagami,  and  N.  Nasu  (1979).  Sub¬ 
sidence  of  the  Daito  Ridge  and  Associated  Basins,  North  Philippean  Sea. 

IN:  Geological  and  Geophysical  Investigations  of  Continental  Margins, 
Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  239-243. 

Murdma,  I.  and  Bezrukov  (1970).  Sedimentation  in  the  Kur il-Kamchatka 
Trench.  Akadamia  Nauk  SSSR,  Institute  Okeanolgii  Trudy,  v.  86,  p.  58-71. 

Nasu,  N.  and  others  (1980).  Interpretation  of  Multichannel  Seismic  Re¬ 
flection  Data,  Legs  56  and  57,  Japan  Trench  Transect,  Deep  Sea  Drilling 
Project.  IN:  Scientific  Party,  Initial  Reports  of  the  DSDP  Project  56, 
pt .  2,  Washington  (U.  S.  Gov't  Printing  Office),  p.  489-503. 


116 


Scientific  Party  (1979).  Leg  62  Probes  the  Paleoenvlronments.  Geo  times. 
Feb.,  p.  24-27. 

Scientific  Party  (1980).  Initial  Reports  of  the  Deep  Sea  Drilling  Proj¬ 
ect,  56,  57.  Washington,  DC  (U.  S.  Gov't  Printing  Office). 

Scholl,  D. ,  J.  Hein,  M.  Marlow,  and  E.  Buffington  (1977).  Meijl  Sediment 
Tongue:  North  Pacific  Evidence  for  Limited  Movement  Between  the  Pacific 
and  North  American  Plates.  Geol.  Soc.  Amer.  Bull.,  v.  88,  p.  1567-1576. 

Sychev,  P.  and  S.  Snegovskoy  (1976).  Abyssal  Depressions  of  the  Okhotsk, 
Japan  and  Bering  Seas.  Pacific  Geology,  v.  11,  p.  57-80. 

Uyeda,  S.  (1974).  Northwest  Pacific  Trench  Margins.  IN:  The  Geology  of 
Continental  Margins,  Burk  and  Drake,  eds.,  Spr inger-Verlag,  p.  473-491. 


BIBLIOGRAPHY  OF  AREA  11 


Andrews,  J.  and  J.  Eade  (1973).  Structure  of  the  Western  Continental 
Margin,  New  Zealand,  and  Challenger  Plateau,  Eastern  Tasman  Sea.  Geol. 
Soc.  Amer .  Bull.,  v.  84,  p.  3093-3100. 

Bentz,  F.  (1974).  Marine  Geology  of  the  Southern  Lord  Howe  Rise,  South¬ 
west  Pacific.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake, 
eds.,  Spr inger-Verlag ,  p.  537-547. 

Burns,  D.  (1974).  Changes  in  the  Carbonate  Component  of  Recent  Sediments 
with  Depth:  A  Guide  to  Paloenvironmental  Interpretation.  Mar.  Geol.,  v. 
16,  p.  M13-M19. 

Carney,  J.  and  M.  MacFarlane  (1980).  A  Sedimentary  Basin  in  the  Central 
New  Herides  Arc.  IN:  UN  ESCAP,  CCOP/SOPAC  Tech.  Bull.  3,  p.  109-120. 

Carter,  L.  (1975).  Sedimentation  of  the  Continental  Terrace  Around  New 
Zealand:  A  Review.  Mar.  Geol.,  v.  19,  p.  209-237. 

Christoffel,  D.  and  R.  Falconer  (1972).  Marine  Magnetic  Measurements  in 
the  Southwest  Pacific  Ocean  and  Their  Identification  of  New  Tectonic 
Features.  IN:  Antarctic  Oceanology  II.  Hayes,  ed.,  p.  197-209. 

Christoffel,  D.  and  W.  VanDer  Linden  (1972).  Marquarie  Ridge-New  Zealand 
Alpine  Fault  Transition.  IN:  Antarctic  Oceanology  II,  Hayes,  ed.,  p. 
235-242. 

Conolly,  J.  and  R.  Payne  (1972).  Sedimentary  Patterns  Within  a  Conti¬ 
nent-Mid-Oceanic  Ridge-Continent  Profile,  Indian  Ocean  South  of  Austral¬ 
ia.  IN:  Antarctic  Oceanology  II,  Hayes,  ed . ,  p.  295-315. 

Davies,  T. ,  P.  Wilde,  and  D.  Clague  (1972).  Koko  Seamount:  A  Major  Guyot 
at  the  Southern  End  of  the  Emperor  Seamounts.  Mar.  Geol.,  p.  311-321. 

Dubois,  J.  and  others  (1974).  Continental  Margins  Near  New  Caledonia. 
IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer- 
Verlag,  p.  521-535. 

Fisher,  R.  (1974).  Pacific-Type  Continental  Margins.  IN:  The  Geology  of 
Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag,  p.  25-41. 

Hamilton,  E.  (1964).  Sunken  Islands  of  the  Mid-Pacific  Mountains.  GSA 
Memoir  64,  97  p. 

Hawkins,  J.  (1974).  Geology  of  the  Lau  Basin,  A  Marginal  Sea  Behind  the 
Tonga  Arc.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake  eds., 
Springer-Verlag,  p.  505-520. 

Hayes,  D.  and  M.  Ewing  (1971).  The  Louisville  Ridge  A  Possible  Extension 
of  the  Eltanin  Fracture  Zone.  IN:  Antarctic  Oceanology  I,  Reid,  ed.,  p. 
223-228. 


118 


Hayes,  D.  and  M.  Talvanl  (1972).  Geophysical  Investigation  of  the  Mac¬ 
quarie  Ridge  Complex.  IN:  Antarctic  Oceanology  II,  Hayes,  ed.,  p. 
211-233. 

Houtz,  R. ,  J.  Ewing,  and  R.  Embley  (1971).  Profiler  Data  from  the  Mac¬ 
quarie  Ridge  Area.  IN:  Antarctic  Cceanology  I,  Reid,  ed . ,  p.  239-245. 

Houtz,  R. ,  J.  Ewing,  and  A.  Lonardi  (1967).  Seismic  Reflection  Profiles 
of  the  New  Zealand  Plateau.  J.  Gecl.  Res.,  v.  72,  n.  18,  p.  4713-4729. 

Johnson,  T. ,  E,  Hamilton,  and  W.  Berger  (1977).  Physical  Properties  of 
Calcareous  Ooze:  Control  by  Dissolution  at  Depth.  Mar.  Geol.,  v.  24,  p. 
259-277. 

Karlg,  D.  and  J.  Mammerickx  (1972).  Tectonic  Framework  of  the  New  Heb¬ 
rides  Island  Arc.  Mar.  Geol.,  v.  12,  p.  187-205. 

Katz,  H.  (1974).  Margins  of  the  Southwest  Pacific.  IN:  The  Geology  of 
Continental  Margins,  Burk  and  Drake  eds.,  Springer-Verlag ,  p.  549-565. 

Katz,  H.  and  R.  Wood  (1980).  Submerged  Margin  East  of  the  North  Island, 
New  Zealand  and  its  Petroleum  Potential.  IN:  UN  ESCAP,  CCOP/SOPAC  Tech. 
Bull.  3,  p.  221-235. 

Lonsdale,  P.  (1975).  Sedimentation  and  Tectonic  Modification  of  Samoan 
Archipelagic  Apron.  AAPG  Bull.,  v.  59,  n.  5,  p.  780-798. 

Luyendyk,  B.,  W.  Bryan,  and  P.  Jezek  (1974).  Shallow  Structure  of  the 
New  Hebrides  Island  Arc.  Geol.  Soc.  Am.  Bull.,  v.  85,  p.  1287-1300. 

Pontoise,  B.,  G.  Lafhan,  J.  Daniel,  J.  Dupont,  and  A.  Ibrahim  (1980). 
Seismic  Refraction  Studies  in  the  New  Hebrides  and  Tonga  Area.  IN:  UN 
ESCAP,  CCOP/SOPAC  Tech.  Bull.  3,  p.  109-120. 

Rea,  D.  and  F.  Naugler  (1971).  Musicians  Seamount  Province  and  Related 
Crustal  Structures  Nbrth  of  the  Hawaiian  Ridge.  Mar.  Geol.,  v.  10,  p. 
89-111. 

Scientific  Party  (1979).  Leg  62  Probes  the  Paleoenvironments .  Geotlmes, 
p.  24-26. 

Slater,  R.  and  R.  Goodwin  (1973).  Tasman  Sea  Guyots.  Mar.  Geol.,  v.  14, 
p.  81-99. 

Tuyezov,  I.  and  others  (1981).  Geologic  Structures  of  the  Marcus-Wake 
Submarine  Rise.  Internat.  Geol.  Rev.,  v.  23,  n.  6,  p.  707-715. 

Watts,  A.,  J.  Weissel,  and  F.  Devey  (1977).  Tectonic  Evolution  of  the 
South  Fiji  Marginal  Basin.  IN:  Island  Arcs,  Deep  Sea  Trenches  and  Back- 
Arc  Basins,  Talwani  and  Pitman,  eds.,  American  Geophysical  Union, 
Washington,  DC.,  p.  419-427. 


119 


BIBLIOGRAPHY  OF  AREA  12 

Andrews,  J. ,  G.  Packham,  and  ethers  (1975).  Initial  Reports  of  the 
D.S.D.P.  V.  30.  Wash.,  DC,  (US  Gov’t  Printing  Office),  753  p. 

Ben-Avraham,  Z.  and  K.  Emery  (1973).  Structural  Framework  of  Sunda 
Shelf.  AAPG  Bull.,  v.  57,  n.  12,  p.  2323-2366. 

Bowin,  C.,  R.  Lu,  C.  Lee  and  H.  Schouten  (1978).  Plate  Convergence  and 
Accretion  In  Taiwan-Luzon  Region.  AAPG  Bull.,  v.  62,  n.  9,  p. 
1645-1672. 

Bowin,  C.,  G.  Purdy,  C.  Johnston,  G.  Shor,  L.  Lawver ,  H.  Hartono,  and  P. 
Jezek  (1980).  Arc-Continent  Collision  in  Banda  Sea  Region.  AAPG  Bull., 
v.  64,  n.  6,  p.  868-915. 

Curray,  J.,  D.  Moore,  L.  Lawrer,  F.  Emmel ,  R.  Raitt,  h.  Henry,  and  R. 
Kieckheter  (1979).  Tectonics  of  the  Andaman  Sea  and  Burma.  IN:  Geologi¬ 
cal  and  Geophysical  Investigations  of  Continental  Margins,  Watkins  and 
others,  eds.,  AAPG  Memoir  29,  p.  189-198. 

Emery,  K.  and  Z.  Ben-Avraham  (1972).  Structure  and  Stratigraphy  of  China 
Basin.  AAPG  Bull.,  v.  56,  n.  5,  p.  839-859. 

Fisher,  R.  (1974).  Pacific-Type  Continental  Margins.  IN:  The  Geology  of 
Continental  Margins,  Burk  and  Drake,  eds.,  Spr inger-Verlag,  p.  25-41. 

Hamilton,  W.  (1977).  Subduction  in  the  Indonesian  Region.  IN:  Island 
Arcs,  Deep  Sea  Trenches  and  Back-Arc  Basins,  Talwani  and  Pittman,  eds., 
American  Geophysical  Union,  Washington,  DC.,  p.  15-31. 

Hayes,  D.  and  W.  Ludwig  (1967).  The  Manila  Trench  and  West  Luzon  Trough- 
II.  Gravity  and  Magnetics  Measurements.  Deep  Sea  Research,  v.  14,  p. 
545-560. 

Jacobson,  T.,  G.  Shor,  R.  Kieckhetter,  and  G.  Purdy  (1979).  Seismic 
Refraction  and  Reflection  Studies  in  the  Timor-Aru  Trough  System  and 
Australian  Continental  Shelf.  IN:  Geological  and  Geophysical  Investiga¬ 
tions  of  Continental  Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29, 
p.  209-222. 

Karig,  D.  (1973).  Plate  Convergence  Between  the  Philippines  and  the 
Ryukyu  Islands.  Mar.  Geol.,  v.  14,  p.  153-168. 

Karig,  D.  (1977).  Growth  Patterns  on  the  Upper  Trench  Slope.  IN:  Island 
Arcs,  Deep  Sea  Trenches  and  Back-Arc  Basins,  Talwani  and  Pittman  eds., 
American  Geophysical  Union,  Washington,  DC,  p.  175-185. 

Karig,  D.,  S,  Suparka ,  G.  Moore,  and  P.  Hehanussa  (1979).  Structure  and 
Cenozoic  Evolution  of  the  Sunda  Arc  in  the  Central  Sumatra  Region.  IN: 
Geological  Geophysical  Investigations  of  Continental  Margins,  Watkins 
and  others,  eds.,  AAPG  Memoir  29,  p.  223-237. 


120 


Karlg,  D. ,  S.  Suparka ,  G.  Moore,  and  P.  Hehanussa  (1978).  Structure  and 
Cenozolc  Evolution  of  the  Sunda  Arc  In  the  Central  Sumatra  Region.  U.N. 
ESCAP,  CCOP  Tech.  Bull.,  v.  12,  p.  87-107. 

Maacle,  A.  and  P.  Blscarrat.  The  Sulu  Sea:  A  Marginal  Basin  In  Southeast 
Asia.  IN:  Geological  and  Geophysical  Investigations  of  Continental  Mar¬ 
gins,  Watkins  and  others,  eds.,  AAPG  Memoir  29,  p.  373-381. 

Moore,  G.  and  J.  Curray  (1980).  Structure  of  the  Sunda  Trench  Lower 
Slope  off  Sumatra  from  Multichannel  Seismic  Reflection  Data.  Marine  Geo¬ 
physical  Research,  v.  4,  p.  319-340. 

Parke,  M.,  K.  Emery,  R.  Szymanklewicz ,  and  L.  Reynolds  (1971).  Structur¬ 
al  Framework  of  Continental  Margin  in  South  China  Sea.  AAPG  Bull.,  v. 
55,  n.  5,  p.  723-751. 

Scientific  Party  (1978).  In  the  Philippine  Sea,  Old  Questions  Answered 
and  New  Ones  Asked.  Geotlmes.  p.  20-22. 

Scientific  Party  (1978).  Near  the  Philippines,  Leg  60  ends  in  Guam.  Geo¬ 
tlmes,  p.  20-22. 

Seely,  D. ,  P.  Vail,  and  G.  Walton  (1974).  Trench  Slope  Model.  IN:  The 
Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag , 
p.  249-260. 

Silver,  E.  and  J.  Moore  (1978).  The  Molucca  Sea  Collision  Zone,  Indo¬ 
nesia.  Jour.  Geophys.  Res.,  v.  83,  n.  B4,  p.  1681-1691. 


121 


BIBLIOGRAPHY  OF  AREA  13 

Anonymous  (1975).  Geological-Geophysical  Atlas  of  the  Indian  Ocean.  Int. 
Indian  Ocean  Exp.  Akad .  Nauk,  SSR,  151  p. 

Basu,  D.,  A.  Banerjee,  and  D.  Tamhane  (1980).  Source  Areas  and  Migration 
Trends  of  Oil  and  Gas  In  Bombay  Offshore  Basin,  India.  AAPG  Bull.,  v. 
64,  n.  2,  p.  209-220. 

Beck,  R.  and  P.  Lehner  (1974).  Oceans,  New  Frontier  In  Exploration.  AAPG 
Bull.,  v.  58,  n.  3,  p.  376-395. 

Boeuf,  M.  and  M.  Doust  (1975).  Structure  and  Development  of  the  Southern 
Margin  of  Australia.  The  APEA  Journal,  p.  33-43. 

Bunce,  E.,  M.  Langseth,  R.  Chase,  and  M.  Ewing  (1967).  Structure  of  the 
Western  Somali  Basin.  Jour.  Geophys.  Res.,  v.  72,  n.  10,  p.  2547-2555. 

Closs,  H.,  H.  Narain,  and  S.  Garde  (1974).  Continental  Margins  of  India. 
IN:  Canada’s  Continental  Margins  and  Offshore  Petroleum  Exploration, 
Yorath  and  others,  eds.,  p.  629-639. 

Conolly,  J.  and  R.  Payne  (1972).  Sedimentary  Patterns  Within  a  Conti¬ 
nent-Mid-Oceanic  Ridge-Continent  Profile,  Indian  Ocean  South  of  Austral¬ 
ia.  IN:  Antarctic  Oceanology  II,  Hayes,  ed.,  p.  295-315. 

Curray,  J.  and  D.  Moore  (1974).  Sedimentary  and  Tectonic  Processes  in 
the  Bengal  Deep-Sea  Fan  and  Geosyncline.  IN:  The  Geology  of  Continental 
Margins,  Burk  and  Drake,  eds.,  Spr inger-Ver lag ,  p.  617-626. 

Dingle,  R. ,  S.  Goodlad,  and  A.  Martin  (1978).  Bathymetry  and  Stratigra¬ 
phy  of  the  North  Natal  Valley  (SW  Indian  Ocean):  A  Preliminary  Account. 
Mar.  Geol.,  v.  28,  p.  89-106. 

Dingle,  R.  (1973).  Post-Paleozoic  Stratigraphy  of  the  Eastern  Agulhas 
Bank,  South  African  Continental  Margin.  Mar.  Geol.,  v.  15,  p.  1-23. 

Falvey,  D.  and  J.  Veevers  (1974).  Physiography  of  the  Exmouth  and  Scott 
Plateaus,  Western  Australia,  and  Adjacent  Northeast  Wharton  Basin.  Mar. 
Geol.,  v.  17,  p.  21-59. 

Fisher,  R.,  E.  Bunce,  and  others  (1974).  DSDP,  v.  24.  Wash.,  DC,  U.  S. 
Government  Printing  Office,  1183  p. 

Coslin,  J.,  J.  Segoufin,  R.  Schlich,  and  R.  Fisher  (1980).  Submarine 
Topography  and  Shallow  Structure  of  the  Madagascar  Ridge,  Western  Indian 
Ocean.  Geol.  Soc.  Amer .  Bull.,  Part  I,  v.  91,  p.  741-753. 

Harbison,  R.  and  B.  Bassinger  (1973).  Marine  Geophysical  Study  Off  West¬ 
ern  India.  Jour.  Geophys.  Res.,  v.  78,  n.  2,  p.  432-439. 


Houtz ,  R. ,  D.  Hayes,  and  R.  Markl  (1977).  Kerguelen  Plateau  Bathymetry, 
Sediment  Distribution  and  Crustal  Structure.  Mar.  Geol.,  v.  25, 
p.  95-130. 

Houtz ,  R.  and  R.  Markl  (1972).  Seismic  Profiler  Data  Between  Antarctica 
and  Australia.  IN:  Antarctic  Oceanology  II,  Hayes,  ed . ,  p.  147-164. 

Kent,  P.  (1974).  Continental  Margin  of  East  Africa  A  Region  of  Vertical 
Movements.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake,  eds., 
Springer-Verlag,  p.  313-320. 

Lort,  J.,  W.  Limond,  J.  Segoufin.  and  P.  Patriat  (1979).  New  Seismic 
Data  in  the  Mozambique  Channel.  Marine  Geophysical  Researches,  v.  4, 
p.  71-89. 

Mallet,  C.  and  B.  Heezen  (1977).  Oircum-Polar  Circulation  and  Late  Ter¬ 
tiary  Changes  In  the  Carbonate  Compensation  Depth  South  of  Australia. 
Mar.  Geol.,  v.  23,  p.  89-101. 

Nainl,  B.  (1974).  Appendix  I.  A  Marine  Geophysical  Survey  (Site  214,216 
DSDP)  on  the  Ninety  East  Ridge,  Indian  Ocean.  IN:  Von  de  Borch  and 
others,  DSDP,  v.  22,  Wash.,  DC,  U.  S.  Government  Printing  Office,  p. 
843. 

Ross,  D.  and  J.  Schlee  (1973).  Shallow  Structure  and  Geologic  Develop¬ 
ment  of  the  Southern  Red  Sea.  Geol.  Soc.  Amer.  Bull.,  v.  84,  p.  3827- 
3848. 

Siddiquie,  H.  (1975).  Submerged  Terraces  in  the  Laccadive  Islands, 
India.  Marine  Geology,  v.  18,  p.  M95-M101. 

Simpson,  E.,  R.  Schlich,  and  others  (1974).  DSDP,  v.  25.  Wash.,  DC, 
U.S.  Government  Printing  Office,  884  p. 

Talwani,  M. ,  J.  Mutter,  R.  Houtz,  and  M.  Konig  (1979).  The  Crustal 
Structure  and  Evolution  of  an  Area  Underlying  the  Magnetic  Quiet  Zone  on 
the  Margin  South  of  Australia.  IN':  Geological  and  Geophsical  Investiga¬ 
tions  of  Continental  Margins,  Watkins  and  others,  eds.,  AAPG  Memoir  29, 
p.  151-175. 

Van  der  Borch,  D.  Sclater,  and  others  (1975).  DSDP,  v.  22.  Wash.,  DC, 
U.S.  Government  Printing  Office,  890  p. 

Veevers,  J.  (1974).  Western  Continental  Margin  of  Australia.  IN:  The 
Geology  of  Continental  Margins,  Burk  and  Drake,  eds.,  Springer-Verlag, 
p.  605-616. 

Veevers,  J.  (1971).  Shallow  Stratigraphy  and  Structure  of  the  Australian 
Continental  Margin  Beneath  the  Timor  Sea.  Mar.  Geol.,  v.  11,  p.  209-249. 

Veevers,  J.,  D.  Falvey,  L.  Hawkins,  and  W.  Ludwig  (1974).  Seismic  Re¬ 
flection  Measurements  of  Northwest  Australian  Margin  and  Adjacent  Deeps. 
AAPG  Bull.,  v.  58,  n.  9,  p.  1731-1750. 


123 


Venkatarathnam  K.,  S.  Elttrelm,  1,.  Sullivan,  J.  Kostecki,  and  L.  Burckle 
(1980).  Current-Controlled,  Abyssal  Microtopography  and  Sedimentation  in 
Mozambique  Basin,  Southwest  Indian  Ocean.  Mar.  Geol.,  v.  34,  p.  171-206. 

Venkatarathnam,  K. ,  J.  Kostecki,  L.  Henderson,  and  L.  Hess  (1980).  Mor¬ 
phology  and  Quaternary  Sedimentation  of  the  Mozambique  Fan  and  Environs, 
Southwestern  Indian  Ocean.  Sedimentology ,  v.  27,  p.  357-378. 

White,  R.  and  K.  Klltgord  (1976).  Sediment  Deformation  and  Plate  Tec¬ 
tonics  in  the  Gulf  of  Oman.  Earth  and  Planetary  Science  Letters,  v.  32, 
p.  199-209. 

Whitmarsh,  R. ,  0.  Weser,  D.  Ross,  and  others  (1974).  DSDP,  v.  23.  Wash., 
DC,  U.  S.  Government  Printing  Office,  1180  p. 

Whitmarsh,  R.  (1979).  The  Owen  Easin  off  the  Southeast  Margin  of  Arabia 
and  the  Evolution  of  the  Owen  Fracture  Zone.  Geophys.  J.  R.  Astr.  Soc., 
v.  58,  p.  441-470. 


124 


BIBLIOGRAPHY  OF  AREA  14 

Anderson,  J.,  D.  Kurts,  end  F.  Weaver  (1979).  Sedlaentatlon  on  the  Ant¬ 
arctic  Continental  Slope.  IN:  SEftf  Pub.  27,  Doyle  and  Pilkay,  eda.,  p. 
265-283. 

Anonymous  (1975).  Geological-Geophysical  Atlas  of  the  Indian  Ocean.  Int. 
Indian  Ocean  Exp.  Alad.  Nauk,  SSSR,  151  p. 

Conolly,  J.  and  R.  Payne  (1972).  Sedimentary  Patterns  Within  a  Continent 
Profiler,  Indian  Ocean  South  of  Australia.  IN:  Antarctic  Oceanology  II, 
Hayes,  ed.,  p.  295-315. 

Echols,  R.  (1971).  Distribution  of  Foraminifera  in  Sediments  of  the  Sco¬ 
tian  Sea  Area.  Antarctic  Oceanology  11,  Hayes,  ed . ,  p.  93-168. 

Gordon,  A.  and  P.  Tchernia  (1972).  Waters  of  the  Continental  Margin  off 
Adelie  Coast,  Antarctica.  IN:  Antarctic  Oceanology  II,  Hayes,  ed . ,  p. 
59-69. 

Hayes,  D.  and  J.  Conolly  (1972).  Morphology  of  the  Southeast  Indian 

Ocean.  IN:  Antarctic  Oceanology  II,  Hayes,  ed . ,  p.  125-145. 

Houtz,  R.  (1974).  Continental  Margin  of  Antarctica:  Pacific  Indian 

Sectors.  IN:  The  Geology  of  Continental  Margins,  Burk  and  Drake,  eds., 
Spr inger-Verlag,  p.  655-658. 

Houtz,  R.  and  R.  Markl  (1972).  Seismic  Profiler  Data  Between  Antarctica 
and  Australia.  IN:  Antarctic  Oceanology  II,  Hayes,  ed.,  p.  147-164. 

Kaharoeddin,  F. ,  S.  Jones,  E.  Goldstein,  R.  Graves,  and  M.  Eggers 

(1979).  Summary  of  Sediment  Descriptions  of  ARA  Islas  Orcadas  Cruise  12 
Piston  Cores.  Antarctic  Jour.  U.  S.,  v.  14,  n.  5,  p.  144-151. 

Payne,  R.  and  Conolly,  J.  (1972).  Turbidite  Sedimentation  off  the  Ant¬ 
arctic  Continent.  IN:  Antarctic  Oceanology  II,  Hayes,  ed.,  p.  349-364. 

Tucholke,  B.  (1977).  Sedimentation  Processes  and  Acoustic  Stratigraphy 
in  the  Bellingshausen  Basin.  Mar.  Geol.,  v.  25,  p.  209-230. 


125 


APPENDIX  II 

Line  Drawings  of  Seismic  and  Bathymetric  Profiles 

Profiles  are  adjusted  to  uniform  scale  with  a  vertical  exaggeration 
of  10:1.  Traces  of  the  sediment-water  interface  and  selected  horizons 
were  digitized  from  published  studies.  A  digitized  data  base  for  the 
profiles  was  formed.  Results  are  the  profiles  of  this  appendix.  Sources 
for  profiles  are  given  at  the  end  of  the  appendix.  Order  of  profiles 
corresponds  to  the  Index  map  (Map  IV). 
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High  Relief _ 

Prograded  Sediment  (No  Outcrop) 
Truncated  Sediment/Rock 
Diapirs 

Deformed  Sediment/Rock 


OUTCROP  TYPE 


Key 

lllllllll  Frequency  of  subpopulation  exceeds  150% 

11111111111  of  frequency  for  total  lateral  slope  population. 

Frequency  of  subpopulation  is  50-150% 

_  of  frequency  for  total  lateral  slope  population. 

■  Frequency  of  subpopulation  is  less  than  50% 
of  frequency  for  total  lateral  slope  population. 

□  N°  comparison  made. 

ys  50%  of  subpopulation  (indicated  by  parameter 
classes  in  column  A )  coincides  with  subpopuiation 
indicated  by  parameter  classes  in  column  B. 

Q  No  stations  exhibit  parameter  class  designations. 

Note:  The  first  three  key  designations  indicate  relative  comparisons  of  subpopulations 
to  the  total  lateral  slope  population.  The  final  two  designations  are  absolute 
and  specify  strongest  or  weakest  associations  between  parameter  class  topics. 

1  No  value  givsn  where  only  profile  stations  were  used . 

2  Characterization  of  average  slope  and  relief  values  in  relation  to  average  values  for  ail 
lateral  slopes.  N-normal  slope  relief  values,  LS-  low  slope  values,  HS-  high  slope 
values,  LR-  lew  refief  values,  HR-  high  relief  values. 

■ - A 


BASEMENT  OF  SURFACE  SURFACE 

SEDIMENTARY  SEDIMENT  PLATE-TECIONIC  SEDIMENT  SEDIMENT  SLOPE  TOTAL  BOTTOM; 

STRATA  THICKNESS  OUTCROP  TYPE  SHAPE  ASSOCIATION  SIZE  TYPE  (DEGREES)  RELIEF(m)  PROVINCj 


'  'Hit  1  J.ILJW  „  H.ML... 

Trench 

18  j 

T] 

TT 

41.4 

+7 5 

Trough 

11 

5  ! 

HS 

+18 

-02 

+21 

No  Bottom  Classification 

37 

12 

LS,LR 

0 

-0.3 

+7 

2000m 

17 

13 

-1.2 

-1.5 

-6 

2001 -2999m 

44 

16 

— 

-0.5 

-0.5 

-2 

3000  -399Sm 

23 

20 

— 

+0.9 

+  0.5 

+5 

>  4000m 

15 

18 

- 

+23 

+2.6 

+6 

1-1.9® 

24 

17 

- 

-2.3 

-0.7 

-11 

2-3.9° 

1  31 

19 

- 

-0.8 

-0.3 

-2 

4-7.9° 

1  35 

15 

- 

+2.2 

+0.5 

+13 

>8° 

11 

14 

- 

+8.2 

+0.7 

+26 

Terrigenous 

38 

22 

N 

-0.3 

+0.1 

-3 

30—50%  Carbonate 

22 

17 

N 

+0.2 

0 

+9 

>  50%  Biogenic  Carbonate  and  Silica 

j  34 

12 

N 

+0.2 

0 

-5 

Pelagic 

4 

11 

LR 

-0.2 

-1.0 

-2C 

Silt 

4 

17 

HR 

+0.3 

+0.5 

+  16 

Clay-Silt 

79 

17 

N 

+0.1 

+0.1 

+1 

Clay 

I  13 

24 

LR 

-0.3 

-0.6 

-10 

Forearc  Region 

25 

21 

HR 

+1.6 

+1.5 

+12 

Outer  Trench  Wall 

3 

15 

LS.LR 

-0.9 

-1.0 

-11 

Backarc  Wall 

2 

17 

HS 

+2.4 

0 

+48 

Remnant  Arc 

1 

4 

LR 

-0.4 

-0.9 

N.D. 

Active  Translation 

7 

22 

HS,HR 

+1.3 

+0.1 

+  11 

Apparent  Passive  in  Megasuture  Zone 

11 

13 

LS,LR 

-0.2 

-0.3 

0 

Intra- Oceanic 

22 

6 

LR 

+0.2 

-0.4 

0 

Passive  Divergent 

28 

21 

LS.LR 

-0.9 

-0.5 

-6 

Passive  Translation 

7 

21 

LS 

-1.4 

-0.2 

0 

Sigmoidal  Smooth 

1  15 

- 

LS.LR 

PIT 

-0.6 

-26 

Sigmoidal  Rough 

29 
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N 

0 

0 

-8 

Abrupt  Smooth 

1  10 

- 

N 

+0.2 

-0.1 

+14 

Abrupt  Rough 

12 

- 

HS,HR 

+0.7 

+0.3 

+23 

Complex 

14 

— 

N 

0 

-0.1 

+16 

Step 

■  10 

— 

LS 

-0.8 

-0.1 

0 

High  Relief 
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- 

HS»R 

+2.4 

+0.9 
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Prograded  Sediment  (No  Outcrop) 

14 

- 

LS.LR 

-1.2 

-0.5 

-38 

Truncated  Sediment/Rock 

15 
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LS.LR 

[-0.8 

-0.3 

-16 

Diapirs 
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LS 

1-1.8 
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-20 

Deformed  Sediment/Rock 
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HR 
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HS 
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-0.3 
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Acoustic  Basement 
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- 

LS,LR 
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+11 

Crystalline  Block 

1  * 
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+0.6 

-0.3 

+21 

Crystalline  Pinnacle/Ridge 
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LS,LR 

-0.7 

-1.0 
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Crystalline  Pinnacle/Ridge  Oef.  Sed. 

7 
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HS 

+2.0 

+1.7 

+40 

0-200m 
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-0.2 

-0.3 

+21 

201 -400m 
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-14 

401 -999m 
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LS 
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>  1000m 
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LS 
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-5 
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-1 
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+26 
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and  specify  stra 

'  No  value  givs* 

2  Characterizatia 
lateral  slopes, 
values,  LR-  k 

3  Average  slopes 
for  the  total  l| 

4  Average  reliefs 

for  the  total  ll 

} 

5  Average  outcrt 
for  the  total  M 


ffete:  The  first  three  key  designations  indicate  relative  comparisons  of  subpopulations 
to  «.<*  total  lateral  slope  population.  The  final  two  designations  are  absolute 
and  specify  stroigest  or  weakest  associations  between  parameter  class  topics. 

’  No  value  givso  where  only  profile  stations  were  used . 

2  Characterization  of  average  slope  and  relief  values  in  relation  to  average  values  for  all 
lateral  slopes.  N-normal  slope  relief  values,  LS-  low  slope  values,  HS-  high  slope 
values,  LR-  lew  relief  values,  HR-  high  relief  values. 

2  Average  slope  value  for  a  subpopulation  minus  the  average  value 
for  the  total  lateral  slope  population  13.8°). 

4  Average  relief  value  for  a  subpopulation  minus  the  average  value 
for  the  total  lateral  slope  population  (3.035KM). 

5  Average  outcrop  percent  for  a  subpopulation  minus  the  average  value 
for  the  total  lateral  slope  population  (38%). 
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AVERAGE  SLOPE  INCLINATION 


pes  Conical  and  Discrete  Slopes 


o 

Seamounts 

■3'c 

Islands 

A 

Discrete  slopes 

than  8° 

® 

Island  which  does  not  exhibit  relief 
of  2000m  or  average  slope  of  1°. 

Btes  that  individual  slopes 
be  considerably  steeper 
average  slopes. 


All  outlined  sloa 
of  relief.  Slope] 
Lateral  slopes  1 

sides  of  conical 
slopes  are  insif 

features.  Slope! 
bathymetry  mafl 


1 1 
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lied  slope  areas  have  average  slope  inclinations  exceeding  1°  for  a  2000m  range 
L  Slope  ranges  indicate  average  inclination  for  the  steepest  2000m  relief  range, 
slopes  resemble  walls  and  continue  for  great  lengths.  Conical  slopes  form  the 
:  conical  features  which  have  a  maximum  top  dimension  of  100km.  Discrete 
ire  insignificant  and  extend  for  less  than  100km  along  sides  of  various  oceanic 

i  Slopes  were  determined  from  unpublished  Naval  Oceanographic  Office 
rtry  maps,  scale:  1"=  1°. 
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Illustration 


SURFACE  SEDIMENT 


Sediment  Type 


Terrigenous 


30-50%  carbonate 


Greater  than  50%  carbonate 


Pelagic  clay 


150* 


S  Indicates  biogenic  silica  comprises 
greater  than  10%  of  the  sediment. 


(physical  Atlas  of  the  Indian  Ocean,  Int.  Indian  Ocean 

ce  Sediments  and  Topography  of  the  North  Pacific, 

le  Pacific  Ocean,  Books  I  and  II,  Academy  of  Sciences 
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h  the  Atlantic  Ocean,  Academy  of  Sciences  of  the 
tee,  402p. 
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Slopes  in  Megasuture  Zone 


1  Forearc  region 


2  Outer  trench  wall 


3  Backarc  wall 


4  Remnant  arc 


5  Associated  with  active  translation 


jjjjjB  6  Apparent  passive  margin  slope  in  fl 
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^-TECTONIC  ASSOCIATION  OF  SLOPES 

I 

t 

future  Zone  Slopes  not  in  Megasuture  Zone 

VVWFA 

I  region  1  Intra-oceanic 


nch  wall 
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!$$$}  8  Passive  divergent 
9  Passive  translation 


ed  with  active  translation 
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passive  margin  slope  in  a  megasuture 
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SLOPES  IN 
MEGASUTURES 


I  SLOPE  PRESENTLY 
ASSOCIATED  WITH 
SUBDUCTION 

*  I  FOREARC  REGION 

2  OUTER  TRENCH  WALL 

3  BACK  ARC  WALL 


*  Numbers  correspond  to  Parameter  Classes 


SLOPE  PRESENTLY 
ASSOCIATED  WITH 
TRANSLATION 
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INDEX  TO  SLOPE  PROFILES 
(See  Appendix  II  for  profiles) 


! 


